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RADIO ENGINEERS — ft us 
aondk you this publication 


It contains up-to-date in- 
formation on BICC Radio 
Frequency cables which have 
been developed particu- 
larly for use with tele- 





vision receivers. 

The construction 
of the three main 
types of cable is 
described and 
illustrated. 

Send to-day 
for Publica- 
tion 244R 


BRITISH INSULATED CALLENDER’S' CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is : Three lines or under 7/6, each additional line 2/6. 

(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in “ Situations Wanted,”’ 

free of charge. At the INCH RATE (if over 1” or 12 ee the charge is 30/- per inch, single 

pany the {ped peepee Replies to box numbers should be addressed 

to : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Serena. London, W.C.2, and marked “* Electronic Engineering.”” Advertisements 
must be received before the I4th of the month for ‘insertion in the following issue. 
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OFFICIAL APPOINTMENTS 


Vacancies advertised are restricted to persons or employ- 
ments excepted from the provisions of the Control of 
Engagement Order, 1947. 


VANCANCIES exist for Production Inspectors at 
various Admiralty establishments for duties in con- 
nexion with the manufacture, inspection, test and 
installation of mechanical and electrical (including 
electronic) equipment for H.M. ships. Candidates, who 
should be at least 25 and preferably not more than 35, 
should have completed a full engineering apprenticeship 
or equivalent training, followed by a minimum of 
three years’ relevant experience in industry or in 

overnment service, and should preferably be in 
possession of a Higher National Certificate or equivalent 
A lower qualification such as the Ordinary National 
Certificate might, however, be considered. Appoint- 
ments will be temporary but there may be opportun- 
ities later of competing for permanent posts. The 
salary scale is {500 x 20-£625 per annum and entry will 
be at the minimum, subject to a deduction of {20 for 
each year by which the age of entry falls short of 30. 
Rates outside London are a little lower. Write, 
quoting D374/49/BR to the Ministry of Labour and 
National Service, Technical and Scientific Register 
(K), York House, Kingsway, London, W.C.2, for 
application form which must be returned completed 
by gth December, 1949 W 2099 


THE MINISTRY OF SUPPLY invites application 
from: Electrical, Electronic Engineers (Ref. D6/49/ 
BR); Mechanical and Aeronautical Engineers (Ref. 

Cr2/49/BR) for posts in the following grades at the 
Royal Aircraft Establishment, Farnborough and other 
research and development establishments in S. England 
and the Midlands: Senior Experimental Officer, 
salary range {£705-£895; Experimental Officer, 
495-£645; Assistant Experimental Officer, £220 
at age 18)-£460, (rates for women are somewhat 
lower.) Grade and starting pay assessed on age, 
qualifications and experience, Duties mainly connected 
with aircraft structures, flutter and vibration and 
performance, aerodynamics, including wind tunnel 
work and flight testing, armaments, combustion, radio 
and radar, electronic technique, measurements, 
instruments and instrumentation, control gear, etc. 
Applicants should have practical experience in one of 
these lds and possess at least Higher National 
Certificate, Higher School Certificate or equivalent, 
in Mathematics or a science or engineering subject. 
There are a few posts for duties on library and informa- 
tion work connected with the above fields. The posts 
are unestablished but opportunties to compete for 
established posts may occur later. Write for applica- 
tion form, obtainable from Technical and Scientific 
Register (K), York House, Kingsway, London, W.C.z2, 
quoting appropriate reference above. Closing date on 
16th December, 1949 W 2102 


MINISTRY OF SUPPLY invites applications for 
unestablished post Principal Scientific Officer at the 
Royal Aircraft Establishment, Farnborough, Hants. 
Candidates should be at least 31, and should possess a 
good Honours Degree in Physics with g mathe- 
matical knowledge and research experience on radar 
display, digttal and analogue computors, pulse and 
pulse-coded communications. Salary assessed on age, 
Yagualiscations and experience, within the range {910 
) sh 177 (men) or £790 to £1,016 (women) plus 
S.S.U. benefits. Write quoting Aa to 
Technical and Scientific Register (K), York House, 
Kingsway, London, W.C.z. for application form, which 
should be returned completed by zoth December, 
1949. 2103 


MINISTRY OF SUPPLY invites applications from 
Physicists and Electrical Engineers for unestablished 
posts in the Experimental Officer class at research 
establishments in Southern England. The minimum 
qualification is Higher School Certificate or equivalent, 
but experimental ability is of prime importance and, for 
Physicists, a Degree is desirable. Experience essential 
in production of electronic equipment including radar, 
or field trials, or general physical testing or radiation 
Measurement. In one post a sound knowledge of 
mathematics, and in another drawing office experience, 
are desirable. Grade and salary assessed on age, 
qualifications and experience. Candidate will not 
normally be conside: for S.E.O. under age 35 or for 
E.O. under 28. Senior Experimental Officer, £705- 
mef895 (men) ;Experimental Officer £495-£645 (men), 


A 





later than roth December, 1949 


Assistant Experimental Officer £220-£460 (men). Rates 
for women are slightly lower. London rates are higher. 
Write, quoting A273/49/BR to Technical and Scientific 
Register (K), York House, Kingsway, London, W.C.2, 
for application form which should be returned com- 
pleted by 9th December, 1949 W 2115 


BRITISH ELECTRICITY AUTHORITY, South 
Eastern Division. Applications are invited for the 
position of General Assistant Engineer (Communica- 
tions). Applicants should possess a Degree in Electrical 
Engineering or Higher National Certificate in Electrical 
Engineering or equivalent, and have had experience of 
manual | automatic telephone equipment. A sound 
knowledge of electronics is desirable. The successful 
applicant will be required to reside in the Brighton 
area. Salary will be in the range of £392 8s. and £523 
138. .p.a., and is provisional pending negotiations with 
appropriate organisations. Forms of application may 
be obtained by sending a stamped addressed foolscap 
envelope to the Divisional Secretary, British Electricit 

Authority, South Eastern Division, Lower Ham Road. 

Kingston-on-Thames, Surrey, and must be returned 
completed, with copies of two recent testimonials not 
2116 


MINISTRY OF SUPPLY invites’applications from 
Physicists or Electrical Engineers for posts at a research 
establishment in South Midlands. Duties connected 
with development of radar equipments for R.A.F., 

including preliminary investigation, proving of designs 
and supervision of development contracts with industry. 
A good Honours Degree and appropriate experience in 
industry or a Government Establishment essential. 
Posts are unestablished but carry F.S.S.U. benefits. 
Grade and starting salary according to age, qualifica- 
tions and experience. Normal minimum age for P.S.O. 
is 31 and for S.S.O. is 26. Principal Scientific Officer, 
£o10-£1,177; Senior Scientific Officer, £670-£860. 
Rates for women are somewhat lower. Write, quoting 
A280/49/BR, to Technical and Scientific Register (K), 
York House, Kingsway, London, W.C.2., for application 
forms which should be returned completed 7" 2st 
December, 1949. 2121 


MINISTRY OF SUPPLY invites applications from 
Chemists or Engineers for a post as Experimental 
Officer in a research and development establishment 
near London. The work involves the design and use of 
electronic and other instruments required for the 
investigation of combustion and allied processes. 
Candidates must possess at least the Higher School 
Certificate or its equivalent and have a sound knowledge 
of Chemistry, combined with engineering experience. 
Ability to direct industrial staff is essential. Inclusive 
salary range, £495-£645. Rates for women are some- 
what lower. The appointment is unestablished but 
opportunities to compete for established posts may 
occur later. There'are prospects for advancement in 
salary up to £895. Application forms obtainable 
from, Technical and Scientific Register (K), York 
House, Kingsway, London, W.C.z2., quoting F.805/49/ 
B,R. Closing date 17th December, 1949 W 2122 





SITUATIONS VACANT 


THE BRITISH THOMSON-HOUSTON CO. 
require a Junior Design Engineer for work of 
exceptional interest on mercury-arc rectifiers. Good 
prospects nen able man. Previous rectifier experience 
not but licants should have Honours 
Degree in Piectrical ” Engineering and some works 
training. Salary according to qualifications. Apply, 
stating age, and —_ of training and experience to— 
Manager, Rectifier 5 Dept., The British 
Thomson-Houston Co. Ltd., Rugby. W 2029 


JUNIOR TRANSFORMER DESIGNER us a 
Air and oil cooled transformers » to 10 KV. _ Per- 
manent progressive ition. Apply: London Trans- 
former Products Ltd., Cobbold ate, Cobbold Road, 
Willesden, N.W.10. W 2031 


A QUALIFIED ENGINEER or Physicist required to 
work on factory design and production problems in 
modern transmission valve factory. Alternatively, a 

senior man with extensive valve factory experience 
would be considered. Salary ranging from {600 to 
£800 per annum according to qualifications and 
experience. Write Box W 5857, A.K. Advtg., aves 
Shaftesbury Avenue, W.C.z2. W 2063 





GRADUATE PHYSICISTS or Electrical Engineers. 
Several vacancies exist for men of ability in develop- 
ment laboratory of electric lamp works in Yorkshire. 
Knowledge of high vacuum technique and/or A.C, 
measurements will be an advantage. Good prospects 
for men wishing to make a career in industry. Salar 
range £400-£550 according to experience. Send f 
particulars of training and experience to Box W 2060. 

W 2060 


BUSH RADIO LTD. Applications are invited from 
Engineers and Assistants for positions in the following 
branches: (a) Communications and domestic radio 
development ; (b) Television development ; (c) Test 
gear evelopment. Apply in writing, giving age, 
qualifications, details of experience, salary required 
etc., to the Personnel Manager, Bush Radio Ltd., 
Power Road, Chiswick, W.4. W 2051 


ELECTRONIC RESEARCH and Development 
Engineers required. First Class Honours Degree or 
equivalent preferred. Vacancies for Senior Engineers 
with industrial experience and for juniors. Interesting 
new projects. Pension Scheme. Apply, stating age, 
ualifications, experience and salary required, to 
ersonnel Manager, Fairey Aviation Company Ltd., 
Hayes, Middlesex. W 2036 


LABORATORY TECHNICIAN for Medical Re- 
search Council, Neurophysiological Laboratory in 
London. Sound knowledge of basic electronics essen- 
tial. Experience in metal work, photography and 
experimental techniques preferred. Salary with 
superannuation and excellent prospects. Box W 2130. 

2130 


YOUNG LABORATORY ASSISTANT required, 
with qualifications up to Intermediate or National 
Certificate standard, for radio frequency measurement 
work. Wage according to age and qualifications. 
Facilities available for part-time study. Apply 
Secretary, British Rayon Research Association, 
Barton Dock Road, Urmston, Manchester. W 1012 


SENIOR TECHNICAL SALES Representative 
with experience of communications systems utilising 
V.H.F., H.F. or microwave equipments. Technieal 
qualifications not essential but sales experience and 
knowledge of operating and installing communications 
equipments required. State full details including age 
and salary required to Box W 2082. W 2082 


ELECTRICAL ENGINEER required for the design 
of complete power supplies for airborne radio equip- 
ment. Power up to 1 KW, 800-2,400 cycles. Qualifica- 
tions: Degree or equivalent in Physics or Electrical 
Engineering with experience in the above or allied 
fields including transformer design and voltage 
stabilization problems. Please write, giving full 
details to Personnel Department, E.M.I. Engineering 
Development, Ltd., Blyth Road, Hayes, , 
2083 


TECHNICAL WRITER required (North London 
district) for manuals on electronic instruments, radio 
navigation aids and communication equipment ; 
— with a Degree in Physics or Electrical 
ngineering and experience on installation or main- 
tenance of radar. Write, stating salary required, to 
Box W 5954, A.K. Advtg., 212a, Shaftesbury Avenue, 
W.C.2. W 2084 


ELECTRONIC ENGINEERS required for progres- 
sive posts as Design Engineers. Qualifications : 
Degree or equivalent in Electrical Engineering or 
Physics with three years’ or more actual design 
experience in one of the following fields: (a) U.H.F > 
(b) V.H.F.; (c) Pulse technique; (d) Recording 
equipment (disk, film or tape). Please write giving 
full details to Personnel Department, E.M.1. Engineering 
Development Limited, Blyth Road, Hayes, ——— 
W2 


MARCONI’S WIRELESS TELEGRAPH require 
for their Works at Chelmsford, a Senior Engineer 
to take charge of the research and develop- 
ment of domestic television receivers. Applicants 
who must have had extensive experience in this class 
of work and a capacity for leading a a team 
should write giving full particulars quoting Ref. 2 
to Central Personnel Services, English Electric 
Ltd., 24/30, Gillingham Street, Westeniasiee, Swe 
. 2087 





CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





HELLESDON HOSPITAL, Norwich. Research 
Assistant required for electro-encephalograph depart- 
ment. Salary {500 x 25 to £600. Applications to, and 
further particulars from, Medical Superintendent. 

W 2085 
THE ROYAL TECHNICAL COLLEGE, Glasgow. 
Department of Electrical Engineering. Applications 
invited for a Senior Lectureship in Electronics. Work 
to include lecturing to Degree classes, and supervision 
of post-graduate research. Research experience, 
preferably in ultra high-frequency work, an advantage, 
and individual research work will be encouraged. 
Salary scale {700 x £25-£950, with placing for previous 
experience and qualifications. Further information 
and application forms from the Secretary. W 2089 


LEADING COMPONENT Manufacturers situated 
Southern Scotland require Chief Inspector possessing 
drive and initiative. Applicants must be sound 
technicians with qualifications at least equivalent to 
inter-B.Sc., and with experience of modern testing 
technique. Duties would include dealing with Govern- 
ment Inspection Departments. Initial training period 
in London. Write stating experience and salary 
required to Box W 2090. W 2090 


MUIRHEAD & CO. LTD., require an Engineer or 
Physicist to investigate and report on the applications 
of their instruments in industry and research. A wide 
knowledge of measuring techniques, the ability to 
discuss measurement problems with specialist research 
workers, and an aptitude for writing clear English are 
essential, whilst education to Graduate standard is 
desirable. The position is in the Sales Department and 
is permanent. It offers a salary in accordance with age, 
qualifications and experience, and scope for advance- 
ment. Applicants should send full details of their 
training and past career to Muirhead & Co. Ltd., 
Elmers End, Beckenham, Kent. J 2091 


CHIEF DRAUGHTSMAN required for light 
engineering development organisation near Esher, 
Surrey. Must be a man of considerable experience. 
Good salary, interesting work and excellent working 
conditions are offered. Please reply to Box W 2092 
W 2092 


DEVELOPMENT ENGINEERS with industrial 
design experience in light engineering required to work 
near Esher, Surrey. Good salaries and excellent 
working conditions are offered to qualified men. The 
work is of an important and interesting character with 
ample opportunities for advancement in a new organisa- 
tion. Please reply to Box W 2093 W 2093 


A FEW UNUSUAL opportunities occur in the laborat- 
ories of Ferguson Radio Corporation Ltd., for Senior and 
Junior Development Engineers for work on domestic 
radio and television receivers and electronic equipment 
for Government services. Applicants must possess a 
University Degree, preferably in Engineering, or 
equivalent qualifications. Designer-Draughtsmen are 
also required for similar work; previous experience 
essential. Excellent prospects for keen, enthusiastic 
men. Write with full details to Chief Engineer, Fer- 
guson Radio Corporation, Ltd., Great Cambridge 
Road, Enfield. W 2004 


STANDARD TELEPHONES AND CABLES 
invite appications for the following situations in the 
Chemical Laboratory of their valve works at Footscray, 
Sidcup, Kent. (1) Research Chemist; man between 
30 and 35 years, for development and research work on 
problems relating to thermionic valves and cathode ray 
tubes. Essential to have a University Degree or 
Diploma and some experience of this kind of work. 
(2) Assistant Chemist ; man 20/25 years with Univer- 
sity Degree or Diploma to assist in problems relating 
to thermionic valves and cathode ray tubes. Experi- 
ence of this type of work desirable, but not essential. 
Good salaries will be paid according to qualifications 
to those engaged. Applications for the above situations 
should give full details and be addressed to the Person- 
nel Officer at the above address. W 2096 


TOLL PLANT SUPERINTENDENT (Brazil). 
The Advertiser wishes to thank those applicants who 
answered the advertisement for this position under 
Box E.E. 409, at 191, Gresham House, E.C.2, and 
would state that those applicants whose qualifications 
were considered suitable have now been advised. 
W 2097 
SENIOR ELECTRONIC Research Engineers required 
for development of (a) Communication equipment up 
to 400 Mc/s; (b) H.F. Signal Generators; (c) Aerial 
systems; (d) Industrial electronic equipment ; 
(e) Development of components. London area. 


Salary and status commensurate with qualifications 
and experience. 
details of qualifications and experience, 
Engineer c/o Box W 2112 


Write in confidence, stating age, full 
to Chief 
W 2112 


Electronic Engineering 


ADVERTISEMENT MANAGER wanted for the 
monthly technical journal ‘‘ Electronic Engineering.” 
Must have experience of advertising salesmanship and 
be capable of running department. Applicants having 
acquaintance with products of manufacturers and 
knowledge of electronic industry will be given pre- 
ference. Send full particulars of experience and age to: 
Staff Director, Morgan Brothers (Publishers) Ltd., 
28, Essex Street, Strand, W.C.z2. W 2095 


ELECTRICAL ENGINEER required for design and 
development work on fractional H.P. and other small 
electric motors. Qualifications: Degree in Electrical 
Engineering or equivalent with about three years’ or 
more experience in this field. Salary according to age 
and qualifications. Write giving full details of experi- 
ence and qualifications to Personnel Dept., E.M.I. 
Engineering Development Ltd., Blyth Road, Hayes, 
Middlesex. 2100 


ENGLISH ELECTRIC invite applications from 
Electrical Engineers for appointments at their Nelson 
Research Laboratories, Stafford. Applicants should 
have a sound knowledge of heavy electrical engineering, 
and experience in the operation and maintenance of 
heavy electrical plant. A Degree in Electrical Engineer- 
ing is essential, and an interest in development desirable. 
Successful candidates will be required for special duties 
in connexion with short circuit testing. Applicants 
should write giving full information quoting Ref. 299, 
to Central Personnel Services, English Electric Co. 
Ltd., 24/30, Gillingham Street, Westminster, eters 

2101 


YOUNG MAN with B.Sc. or Higher National Certi- 
ficate in Electrical Engineering required, preferably 
with some knowledge of measurements to carry out 
electrical and magnetic measurements on all kinds of 
special alloys and the application thereof. Full 
particulars to Box W 2104 W 2104 


PHYSICISTS OR ELECTRICAL ENGINEERS. 
Vacancies exist in the electronics and electrical depart- 
ments. Subjects covered include thermionic emission, 
secondary emission, electrical contact phenomena, 
electronic recording and controlling devices, electro- 
magnetic systems. Age 21-26. Experience not essen- 
tial except in the case of thermionic emission when 
some previous work on electron-emitting devices 
would be preferable. Salary in accordance with age 
and experience. Apply, in writing, to British Scientific 
Instrument Research Association, ‘“‘ Sira,’’ Southill, 
Chislehurst, Kent. "4 


NV 2105 
ENGLISH ELECTRIC invite applications from 
Electrical Engineers for appointments in the high 
voltage section of the Nelson Research Laboratories, 
Stafford. Applicants should have a sound knowledge 
and experience of H.V. problems and heavy electrical 
equipment. A Degree in Electrical Engineering is 
desirable and applicants must be interested in research 
and development. Write giving full particulars, 
quoting Ref. 229 to Central Personnel Services, English 
Electric Co. Ltd., 24/30, Gillingham Street, West- 
minster, S.W.1. W 2106 


APPLICATIONS ARE INVITED by leading manu- 
facturers of radio equipment from young men with 
electronic experience for the following vacancies : 
(a) Test and installation of broadcast radio, television 
and V.H.F. gear. (b) Manufacture of equipment and 
components. Selected personnel will receive specialised 
factory training and must be prepared to travel in 
Great Britain and to serve overseas for short periods. 
Write giving brief particulars of education and experi- 
ence to Box W 2107 V 2107 


DRAUGHTSMAN required for radio technical 
handbook work. Ability to produce first-class diagrams 
from rough notes is essential. Good prospects, per- 
manency and superannuation scheme. Apply stating 
age, qualification, experience and salary required, to 
The Secretary, Marconi’s Wireless Telegraph Co. Ltd., 
New Street, Chelmsford. W 2110 


A PROGRESSIVE, rapidly expanding organisation, 
requires an Engineer with an intimate knowledge of 
electronics- to undertake duties including design of 
mechanical and electrical equipment and instruments, 
practical investigations, preparation of reports, liaison 
with other organisations. Only applicants who can 
work on their own initiative and are capable of taking 
responsibility need apply. Excellent prospects for 
promotion. Full particulars including salary required 
should be sent to Box W arrr. W 2111 


TECHNICAL ASSISTANT required by Airmec 
Laboratories Ltd., Cressex, High Wycombe for their 
Mechanical Engineering Laboratory. Applicants 
should have had previous experience in light engineering 
and electro-mechanical engineering and have technical 
qualifications to the Higher National Certificate 
standard in Mechanical Engineering. Applications 
should be addressed to the Personnel Manager, stating 
age, qualifications, experience and salary required. 
W 2120 


December, !949 


TELEVISION DESIGN ENGINEER required by 
company in London for work on new television systems. 
Degree or equivalent in Electrical Engineering and 
previous television experience essential. Salary £700 
p.a. or higher for suitably qualified candidates. Box 
W 2108 2108 


COIL DESIGNER. Experienced engineer required 
for design of low frequency coils and small power 
transformers, by laboratory in Esher area. Must be 
able to see designs through to production stage. This 
is a progressive and permanent appointment offering 
excellent working conditions in pleasant surroundings. 
State full details to Box W 2109 W 2109 


DESIGNER for small transformers, preferably with 
knowledge of the application of transformers and 
chokes to radio circuits. Also required, designer for 
power transformers up to 500 KVA, preferably experi- 
enced, but man with good electrical qualifications 
might suit. Merseyside area. State age, qualifications 
and present position. Box 2113. W 2113 


ENGINEER wanted, under 30 years. Applicants 
should be near Degree standard in Mechanical and 
Electrical Engineering subjects and have served an 
apprenticeship. Good practical knowledge, preferably. 


on light work such as domestic appliances, smal 


motors and compressors. Knowledge of thermo- 


dynamics an advantage. Merseyside area. State 
age, qualifications and experience. Box W 2114 
W 2114 


TECHNICAL REPRESENTATIVE required by 
manufacturers of high class electronic and industrial 
measuring instruments in West London area. Applicants 
must have initiative, experience and some technical 
knowledge. Good future for right man. Box W 2117 

W 2117 


ENGINEERS required for servicing radar equipment, 
technical qualifications—Higher National Certificate 
or Degree. Previous experience on electronics or 
radar desirable. Commencing remuneration up to 
£400 per annum depending on experience or qualifica- 
tions. Apply: Construction Department, The British 
Thomson-Houston Co. Ltd., Rugby W 2118 


SPECIALITY Radio-Telephone Salesman, salary, 
comm., expenses; Senior and junior Development 
Engineers and Draughtsmen for radio, radar, electronics 
etc. Service Engineers: radio, television, radar, 
electronics ; wiremen (skilled and semi-skilled), radar, 
radio, instruments ; H.F. repairers, testers, inspectors, 
radio, television, radar; other positions. Technica 
Employment Agency, 179 Clapham Road, S.W.9 
(BRIxton 3487) 2119 


ELECTRONIC ENGINEER REQUIRED, age 26- 
35, B.Sc. Degree or equivalent to carry out design 
development and production. Experience in audio-. 
frequency circuit design, audiometric equipment, 
industrial electro-mechanical timing devices, coil and 
transformer winding and production methods and 
economy both in electronic and light engineering fields 
essential. Salary £450-£600 p.a. according to qualifica- 
tions and experience. Box W 2126 W2126 


RADIO ELECTRONIC ENGINEER capable 
design construction up to low power transmitter 
standard equipment. Possible qualification City of 
London Guilds Certificate. Excellent prospects. 
Box W 2123 | 2123 


APPLICATIONS INVITED from college trained 
Engineers with radar experience covering centimetre 
aerials, wave guides and receivers. Circuit and general 
electronic experience also essential. Salary offered 
will be from £650°p.a. upwards according to qualifica- 
tions and experience. Write giving full particulars 
quoting Ref. 733 to Box W 2098 W 2098 


TELEVISION ENGINEERS by East 
London firm with all leading agencies. 

per week. Permanent position. 
need apply. Leytonia Radio, 828, High Road, Leyton, 
E.10. Phone LEY 1396 W 2125 


JUNIOR Electronic Circuit Engineers required for 
development and prototype work involving pulse and 
high frequency techniques. Write stating qualifica- 
tions, experience and wage required to Labgear Ltd. 
Willow Place, Cambridge. 2127 


MARCONI’S Wireless Telegraph Company require 
for their Research Laboratories at Chelmsford, senior 
and junior research and development engineers for 
domestic television receivers. Applicants who must 
have had extensive experience in television receivers 
should write, giving full particulars quoting reference 
266 to Central Personnel Services, English Electric 
Co., Ltd., 24/30, Gillingham Street, London, — 
2129 


required 
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ialifica- ge'g 
ticulars ECCI! V.H.F. Double Triode (Physical 6.3 | 0.45} 100 a — 8.5 | 5.3 3a 7.1; 100; — | — 
W 2098 (6)6) Common Cathode) 
, East DK9I V.M. Heptode Frequency Changer 1.4 | 0.05 90 67.5; 0 1.6 | 0.3 — |600 |; — — | 
£9 £10 apq (IRS) (gc) 
Leyton, oy V.M., R.F. or LF. Pentode 1.4 |0.05] 90 | 67.5| 0 | 35/09 | — |500 | —|— | — 
W 0145 DF92 Sharp Cut-off R.F. Pentode 1.4 | 0.05} 90 67.5} O | 3.7110 | — |500 | — | — |] — 
sapere DAF9I | Single Diode Pentode 1:4 |0.05| 67.5 | 675} 0 | 1.6|0.6c5 — |600 | — |‘—:| 
may re DLg2 | Output Pentnde(0.27W Output) | 1.4/0.1 | 90 | 67.5) -7 | 74/158) — |100 | — | 8-027 
W 2127 $ 
aie re A.F. or R.F. Output Pentode 1.4 10.2 | 150 Bib B41 AO BO) hee 00 al ae 8 10.7 

i (audio) 
Boog Dis Output Pentode (0.27W Output) 14/01 | 90 | 90 | -45| 95/215} — |100 |,—.| 10 | 0.27 
ust : 
aaron DA9O R.F. Diode Fee ete ae ore a eos eee en ona eee 
eference (1A3) (P.1.V. max) (max) amt | 
og: BCC50| RF, Double Triode 1.4 | 0.22} 90 — | -25] 37/18 | 15 | 83) — | — |2 
ea 2D21 Gas-filled Tetrode 6.3 |0.6 | 400 61,2 | Ob 1mm | ee De 
TS ’ (max) EO 

| MULLARD ELECTRONIC PRODUCT S LTD - Century House, Poe an oe oo Ww. C. 2. 
en. SD 

MVT3SA (REV) 














CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





UNIVERSITY OF BRISTOL. The University 
invites applications for the post of Technician in the 
H. H. Wills Physical Laboratory to assist in the 
development and maintenance of a wide variety of 
electronic equipment. Experience in building such 
equipment is essential and some mechanical aptitude 
will be an advantage. Salary within the laboratory 
scale according to age and experience. 
stating age, qualifications and giving details of experi- 
ence should sent to the Registrar, the University 
Bristol, 8, before December 5th Ww 2124" 


ENGLISH ELECTRIC require a Senior Circuit 
Engineer (Electronics) for their Nelson Research 
Laboratories at Stafford. Applicants must hold a 
University Degree or Associate Membership of the 
Institution of Electrical Engineers have had two or 
three years’ industrial experience and be interested in 
the development of electronic circuits. The work will 
involve design of special circuits. Write giving full 
particulars quoting reference 313 to Central Personnel 
Services, English Electric Co., Ltd., 24/30, Gillingham 
Street, Westminster, S.W.1. W 2128 


Applications 





SITUATIONS WANTED 


YOUNG ambitious graduate B.Sc (Eng.), 2} years 
radar-electronics research, desires position with 
commercial aspects. Sales engineer, representative or 
consulting assistant preferred. Risk and responsibility 
willingly undertaken. Box No. W 1025 W 1025 


DEVELOPMENT ENGINEER, 11 years present 
post seeks change. Commercial and M.O.S. VHF 
AM/FM communication receiver development, tele- 
vision, components. Box No. W 1022 1022 





BUSINESS OPPORTUNITIES 


BRITISH EXPORTERS having extensive con- 
nexions in all oversea markets, require sole or partial 
agencies for British manufactu engineering and 
allied materials and equipment. Full details to 
Chemia Products (U.K.), Ltd., 10/13, Dominion Street, 
South Place, E.C.z. Telephone: MONarch 3517/9. 

W 2040 


Electronic Engineering 


EDUCATIONAL 


A.M.LE.E., City and Guilds, etc., on “‘ NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
full details of modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.1. W 100 





SERVICE 


LOUDSPEAKER repairs, British, American, any 
make. Moderate prices.--Sinclair Speakers, 12, 
Pembroke Street, London, N.1. ror 
GLASSBLOWING, repetition and scientific by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, Wood 
Green, London, N.2z. Phone BOWes Park Pees. . 
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FOR SALE 


WEBB'S 1948 Radio Map of World, new multi-colour 
printing with up-to-date call signs and fresh informa- 
tion; on heavy art paper, 4s. 6d., post 6d. On linen 
on rollers, 11s. 6d. post 9d. 102 


FIVE CORE CABLE (9/012) tough rubber sheathed, 

tinned copper screened 1s yard. Also enamel copper 

wires Armes, 37, Birchwood Drive, Leigh-on-Sea. 
W 1021 


DESIGNATION and valve-type waterslide transfers, 
black and silver 1 in. by # in. 44 different titles, 68 
transfers in all. Most useful for ‘‘ that special job.” 
Send 2s. 6d. P.O. and S.A.E. to Whixer Co., Farnham, 
Surrey 1023 


2 FURZEHILL B.F.O. Oscillators Type FHL 
(list £50 each). 2 Attenuator Boxes for same Furzehill 
Type 1358 (list £18 each). 2 Avo Valve Testers, 
1 Avo H.F. Oscillator, 1 Avo Bridge, x Mullard Oscillo- 
scope Type G.M. 3152 (list £50). Laboratory used. 
All as new. Offers to: A. Kershaw & Sons, Harehills 
Lane, Leeds, 8. 1007 


VALVES: 1,000 VR78; 2,000 VR92; 1,000 6J5; 
1,000 VR65; 5,000 VR65A, 6K7s; 2,000 VRS4, new 
boxed. All at 3s. 6d. each, XTAL 22 SYLVANIA, 
3s.6d.each. 100 Kc/s, 12s.6d. each. New Belling & 
Lee 5 pin, 7 pin plugs and sockets, 6d. each. Pye plugs 
and sockets 6d. each. 2 pin plugs and sockets 6d. 
complete. Meters, all types. Amateurs Paradise, 
155, Humberstone Road, Leicester. W 1020 
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MERCURY SWITCHES are made by Hall Drysdale 
& Co. Ltd., of 58, Commerce Road, Wood Green, 
London, N.22. Phone BOWes Park 7221-2. W107 





BUSINESS FOR SALE 


SUSSEX. Genuine electrical and wireless business. 
Spacious premises in main shopping street with display 
windows, large shop, workshops at rear. Self-contained 
flat over, 2 beds, Sitting room, bathroom, kitchen, 
scullery. Separate entrance. Rent £300 p.a. exclusive. 
Rates £78 p.a. 21 year lease. Price £4,500. Stock at 
valuation. Full details, W. G. F. Swayne, F.A.I., 
3, Clinton Place, Seaford, Sussex. Seaford shee o- 
20 





WANTED 


WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups, speakers, 
etc., radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street, London, 
W.C.2. GERrard 4447. 103 


WANTED—“ Proceedings at Radiolocation Con- 
vention,” by I.E.E. Nos. 2, 5, 7. Box No. W 1024. | 





VELODYNES 
MAGSLIPS 
SELSYNS 


Catalogue and Technical Details on 
request. 
Technical Correspondence invited. 


HOPTON RADIO, 
1, Hopton Parade, 
Streatham High Road, 
LONDON, S.W.16. 


Telephone : STReatham 6165. 


















Wherever there’s current to be countered 


or voltage to be revolted let Delatron make the 


doings. 


will possess the right electrical properties plus 
very desirable mechanical advantages. 

In thicknesses from 2”. 

and brown; various finishes. 


Can be machined easily. May we send you full information? 


THOMAS DE LA RUE & CO., LTD., Plastics Division, Imperial House, Regent Street, London, 


One or other of the Delaron grades 


Two colours — black 


Various sheet sizes. 





W.1. 
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VALVES FOR TELEVISION RECEIVERS 


The T41 and 6K25 thyratrons have been designed for use in scanning generators in both line 
and frame time base circuits of television receivers having magnetic deflection systems. 


RATING : 
T41 
Heater Voltage ... ie sas = 4.0 volts 
Heater Current ... aa ms = 1.5 amps. 
Max. Anode Voltage ... ike = 400 volts 
Max. Peak Anode Current _... = 500 mA. 
Control Ratio ... sa aS. == 20 

LIST PRICE 10/6 
BASE 


T41—Mazda Octal 


Pin 1. Heater 
Pin 2. Cathode 
Pin 3. Anode 
Pin4. —— 

Pin 5. Grid 

Pin 6. Metallising 
Pin7. —— 

Pin 8. Heater 





LINE OR FRAME 





GENERATOR 

VALUES FOR LINE TIME BASE (1) 

RI = 47,0002 Cl = SOuuF 

R2 = 4,7002 C2 = 1pF 

R3 = 43,0002 C3 = 0.007uF 

R4 = 1002 

RS = 50,000 2 

R6 = 68,0002 





RATING: 

6K25 

Heater Voltage eas aa = 6.3 volts 
Heater Current ... ve ada = 0.95 amps. 
Max. Anode Voltage ... aA = 400 volts 
Max. Peak Anode Current... = 500 mA. 


20 


Control Ratio a ee es 
LIST PRICE 10/6 


BASE 
6K25—International Octal 


Pin 1. Metallising 
Pin 2. Heater 

Pin 3. Anode 

Pin 4. —— 

Pin 5. Grid 

Pin 6. 
Pin 7. Heater 
Pin 8. Cathode 









LINE OR FRAME 


GENERATOR * 
VALUES FOR FRAME TIME BASE (1) 
Ri = 47,0009 Cl = 0.1uF 
R2 = 33,000—47,0002 C2 = S0uF 
R3 = 5,0002 C3 = 0.5uF 
R4 = 2202 
RS = 100,000 2 
R6 = 100,000 2 


The two circuits shown are applicable to both valves and illustrate the use of a thyratron as a scanning generator, the 

output being fed to an amplifier such as the Mazda 6P25, Pen.45, Pen.46 or 6P28. Diagram No. 2 is for use in circuits 

where the synchronising pulse is obtained directly from the cathode of the video frequency amplifier or the signal diode load. 
*In circuit 2 the value of R1 should be between 30,000 and 50,000 ohms. The remainder of the values are as given above. 














EDI SWANN 


MAZDA 
RADIO VALVES AND TELEVISION TUBES 





THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 


RA.178 
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— about the switch that is superior 


‘OAK’ switches — both rotary and push button 
types — were embodied in the majority of receivers 
displayed at Radiolympia. 


Throughout the radio world, the time-tested basic 
‘OAK’ principles are recognised and acknowledged as 
superior. They form the basis for the standard inter- 
service wafer type switch to Specification RCS.151 of 
the Radio Components Standardisation Committee. 


The new miniature types, embodying all 
‘OAK’ basic features, bring the range 
available in line with today’s require- 
ments for miniaturised equipments. 


OAK # 


SWITCHES 





@ Self-aligning floating rotor. 


@® Dual contact surfaces ensure low 
contact resistance throughout 
long life. 


@ Fixed contacts of special spring 
alloy, heavily silver-plated as 
standard; silver alloy available 
if required. 


@ Single or multiple wafer con- 
struction. 


@ High grade S.R.B.P. or low-loss 
ceramic insulation. 


Cther British N.S.F. Products include. 


Cutler-Hammer appliance switches ; Carbon and 
wire-wound potentiometers for televison and 
radio applications; Paper tubular capacitors; 
Wire-wound resistors 


SOLE LICENSEES OF OAK MANUFACTURING COMPANY, CHICAGO 


Licensees of Igranic Electric Co. ‘Ltd. for the above products of Cutler-Hammer Inc. Milwaukee, U.S.A. 


BRITISH N-S‘F CO - LTD - KEIGHLEY - YORKS. - London Office : 9 Stratford Place, W:l + Phone: MAYfair 4234 
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é 


OSRAM BATTERY 

MINIATURES “17” RANGE 
Left to Right: The X.17 Frequency 
Changer; W.17 Vari-Mu H. F. Pentode; 
ZD.17 Diode Pentode; N.17 Output Pentode 








and here’s why 


These valves, now extensively used by set manufacturers, have been 
specially designed with a view to H.T. current economy. The filaments, 
intended primarily to operate from a dry cell, maintain adequate emission 

during the whole useful life of the cell. Mounted on the popular B7G 
miniature base, they are compact and extremely 

| robust. Ideal for battery operation in portable 
equipment such as personal receivers. 


SI 


OE 


i bet | 
THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2 














tHE POWER 


IN THE PACKAGE 
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PHOTO-ELECTRIC RELAY 














for “ON” or “OFF” 
control of 
ELECTRIC POWER 














The standard relay is extremely 
sensitive and responds to the in- 
cidence or interruption of a beam 
of light, the intensity of which may 
be as low as |-Foot candle and the 
duration as short as one-tenth of 
a second. 


Applications to industrial processes 
include :— 
Control of temperature, liquid level, 


Fh inuNmehee eS 


lighting, register, dimensions, weighing, 


counting, etc. ; also alarm devices. 


Delivery from stock 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED: RUGBY: ENGLAND 
A3854 
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R.F. ATTENUATOR 
TYPE D-239 


Tus small compact attenuator is characterized by a relatively high insertion 
loss and outstanding accuracy of attenuation at high frequencies. Wire wound 
resistance elements ensure accuracy, good stability and freedom from noise. It can 
be used as a bench instrument or for incorporation in other apparatus where its 
small size is a considerable asset. Two types, giving alternative values of total 
attenuation, are available. : 








DELIVERY FROM STOCK 











BRIEF SPECIFICATION 
ATTENUATION f{ TYPE D-239-A : 0-61-5 db variable in steps of 0-5 db. 


RANGE. TYPE D-239-B : 0-80 db variable in steps of 1 db. 
CHARACTERISTIC IMPEDANCE: 75 ohms (‘‘ T ’’-network). 
PERFORMANCE : At frequencies up to 5 Mc/s and for any setting of the switches 


the error in attenuation will not exceed + 0:2 db. Reasonable 
accuracy is maintained up to 10 Mc/s. 


TERMINATIONS : Coaxial connectors. 

. INPUT : 3 volts maximum. 
DIMENSIONS : 64” x 23” x 5S}. 
WEIGHT : 24 Ibs. 


Manufactured to a design of the Radio Branch of the Post Office Engineering Department. 
Full details are given in Bulletin B-625-A, a copy of which will be sent on request. 











Muirhead & Co., Limited, Elmers End, Beckenham, Kent. Telephone: Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 





_ C.R.C.638 
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WHERE EXTREME ACCURACY 1S pep 
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Made in Three 
Principal Materials 


FREQUELEX 

An insulating material of Low Di-electric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 


PERMALEX 

A High Permittivity Material. For the 
construction of Condensers of the 
smallest possible dimensions. 


TEMPLEX 

A Condenser material ot medium 
permittivity. For the construction of 
Condensers having a constant capacity 
at all temperatures. 





Wr... 
“ioe. 


“XACTING: custoMER 





BULLERS Low LOSS CERAMICS 


BULLERS LTD., 6, Laurence Pountney Hill, London, E.C.4. Phone: Mansion House 997! (3 lines) 
Telegrams : ‘‘Builers, Cannon, London.” Manchester Office: 196, Deansgate. Manchester 
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NEW/ 
aaa ee i44 COMPONENTS 


For Screened Balanced Twin Cables 














LIST NUMBERS & CABLE TYPES COMPONENT CHARACTERISTICS 
L.625/P Flex Plug Characteristic impedance 100 ohms 
L.625/S Chassis Socket Contact resistance—less than 10 milliohms 
L.689 Bulkhead Socket ; 

L.690 Line Socket Capacitance : 
' Conductor/conductor. | pF 
For use with following cables; Each conductor/screen 2.5 pF 
Duradio 28 ‘ " 
Telcon B.A.3. P.S.M. Chassis fixing —6BA clearance on I} 
Twinax centres 
and other screened balanced twin cables Breakdown voltage — pin to pin 4 Kv 
not exceeding 0.240” dia. over screen. pins to screen 2 Kv 





range of lightweight connectors complying with the latest 
R.E.C.M.F. draft Specification for Screened balanced twin 
cables, as tabulated. 


+ ‘Complete interchangeability % Finished for instrument panel requirements 
%* Positive quick action locking device %* High grade bakelite insulators 
%* Simple assembly and loading * Light alloy screened housing 


Makers of good components for over 25 years 


=) BELLING & LEE LTD 

















CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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EQUIPMENT 











A Comprehensive Range 
for 


High or Low Tension 





Manual or Automatic Operation 
High or Low Current 


Constant or Infinitely Variable 
Voltage 

















Foster Transformers & Switchgear Lta 


Associated with SOUTH WIMBLEDON, LONDON, S.W.19 
LANCASHIRE DYNAMO & CRYPTO L™® 
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T.C.C. CAPACITORS 


exclusively specified for the ‘“‘ View Master ” 


HE finest Television Receiver yet 

designed for the Home Construct- 
or* uses T.C.C. Capacitors exclusively. 
The reason is obvious. In any Television 
circuit capacitors play a vital role. 
According to their function some must 
be extremely accurate and stable, others 
highly resistant to heavy voltage surges. 
But whatever their function they must all 
give trouble-free dependable service 
throughout the life of the Receiver. 


NORTH ACTON 


By virtue of their long 

experience and outstanding research 
facilities T.C.C. can rightly claim to be the 
logical choice for all capacitor require- 
ments — with a range of types without 
equal in the industry. 

* The “ View Master” is fully described in a 
Constructor Envelope containing 8 full size wiring 
and assembly drawings together with a 32 page 

booklet poms Bt illustrated giving much practical 
Fl ag ~ on Television. Copies §/- each from ail 


‘ireless Shops or Newsagents. In case of difficulty 
direct from us post free $/6. 


@) alc 
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ne step 


- 
‘CINTEL’ guarantees a step in the right SY 
direction where electronics are concerned. 
We illustrate three typical ‘ CINTEL ’ instru- 
ments from our wide range for the modern 
laboratory. Please write for further particulars. 


ee 
E3 


™~ 








‘CINTEL’ MICROSECOND 
COUNTER CHRONOMETER 


‘CINTEL’ R.C. OSCILLATOR 
& AUTOMATIC FREQUENCY 
MONITOR 





‘CINTEL’ MUTUAL & 
SELF INDUCTANCE BRIDGE 

















FOREMOST IN THE MANUFACTURE OF 


@ Counters & Chronometers @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes @ Geiger-Muller Tubes @ Electronic Instruments 


WORSLEY BRIDGE ROAD - LONDON : S:E:26 
Telephone: HiTher Green 4600 














Northern Agents: Scottish Agents : 
F. C. ROBINSON & PARTNERS LIMITED ATKINS, ROBERTSON & WHITEFORD LIMITED 
308 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, S.2 
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VALVES MeL 
PURPOSES 











27M2 Nine Stage 
Photo-Electric Multiplier 


The Mazda 27M2 is a high vacuum photo-cell with high 
response in the visible region. The photo-electric current 
produced at the cathode is multiplied many times by 
secondary emission occurring at successive cathodes within 
the valve. 

It is capable of multiplying very small currents produced 
under weak illumination by an average value of 250,000 
times, when operated at 80 volts per stage. When operated 
at an overall voltage of 600 volts, i.e., 60 volts per stage, 
followed by a single stage D.C. amplifier, it is suitable for 
the amplification of changes in cathode current greater 
than 10-14 amperes. 

The resultant output current is a linear function of the 
exciting illumination, under normal operating conditions. 
Since secondary emission occurs simultaneously, the 
frequency response is flat up to the frequencies at which 
transit time becomes a limiting factor. 

Because of its sensitivity, low noise level, low dark current 
and freedom from distortion, the 27M2 may be used for 
light-operated relays, for film scanning, facsimile trans- 
mission, in scientific research involving low light levels, 
and in many applications where its small size is an advantage. 


NOTE.—The 27M2 is similar to the 27M1 except for the wider tolerances 
on the anode dark current which necessitates a lower anode supply voltage, 
with a resulting reduction in the current amplification to approximately 
one quarter of that obtainable from the 27M1 


PRICE £12.0.0 (provisional) 


TYPICAL OPERATION DIMENSIONS 

Overall Voltage is 800 v. Max. Overall Length(mm) 94.0 

‘Sensitivity .. 2 A/lumen », Bulb Diameter(mm) 28.5 

F sapsens oe, 3, 5-6, ms », Base Diameter (mm) 33.4 
e sensitivity is on the basis of a ‘ 

lamp colour temperature of 2700°K Light Centre from Seat ODE 2.4 


and a light spot area of 3mm. 

15mm. The tube is adjusted to a 

position of maximum sensitivity. 

It is recommended that the bleeder current in the potentio- 
meter providing the secondary cathode voltages should be 
of the order of 10 times the maximum working current 
output of the tube. 
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MAZDA 
RADIO VALVES AND GATHODE RAY TUBES 





THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING GROSS ROAD, LONDON, W.C.2 





RA.I8I 
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Further details obtainable on application to :— 


A. C. COSSOR LTD., INSTRUMENT DIVISION, HIGHBURY, LONDON, N.5 
Ooril 
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PYE LIMITED 


@ Contracting Engineers 


@ Haulage Contractors 


@ Fire Services 
@ Doctors 
@ Ambulance Services 
@ News Editors 
@ Veterinary Surgeons 
@ Building Contractors 
@ Port and Harbour Authorities 
@ Private Hire Companies 
@ Airports 
@ Surveyors 
@ Railways 
@ Apricultural Engineers 


TELECOMMUNICATIONS 


Electronic Foslnsedic 





Pye Ltd. announce a complete new range of “fixed” 
and mobile V.H.F. Radio-Telephone equipment for 
the Business Radio band 156-184 Mc/s, and for 
essential services in the 60-130 Mc/s band. 
Combining the high performance made possible by 
modern V.H.F. Radio techniques with reliability and 
simplicity of operation, this new Pye equipment will 
meet the exacting needs of Government and Industry 
at home and overseas. 


Further details will be sent on request. 


> 
r) 


Telecommunications 


CAMBRIDGE ENGLAND 





DIVISION - CAMBRIDGE - ENGLAND 
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If they are worth hearing... 
they are worth recording! 


Simple to operate and readily portable, the E.M.I. Portable Disc Recorder enables 
brilliant ‘‘ on the spot” recordings to be made of outstanding events. Produced by 
E.M.I. technicians with 50 years’ experience in recording, this new E.M.I. Portable 
Recorder is a remarkable technical achievement. Here in transportable form is a 
complete recording and play-back equipment designed to produce high quality recordings 
on lacquer blanks without demanding expert knowledge of recording technique. 
Operation is extremely easy and the equipment which is contained in three transportable 
cases needs 200/250 volts 50 cycles A.C. mains supply or a Car Battery and converter. 
Facilities for play-back and for sound amplification form an integral part of the Recorder. 
RECORDING BLANKS: EMIDISC Play-back Recording Blanks are ready for playing 
immediately after cutting. They are available in the following sizes—6”, 10”, 12’, 
16”. PROCESS BLANKS—enabling the recording to be pressed in quantity, by 
E.M.I., are obtainable for 11”, 12’, 13”, 17}” recordings. 


E.M.I. PORTABLE RECORDER 23.. 






















































































i 


? 


MICROPHONES: Alternative 
types of microphones are avail- 
able. Model 2350 on a heavy 
chrome stand (detachable). 
Model 2351 with hooks, equally 
adaptable for suspension, 
mounting on a boom or a floor 
stand, 
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A descriptive leaflet giving full details of Model 2300 and Recording Blanks is obtainable on request. 


E.M.I. SALES & SERVICE LTD. HEAD OFFICE: HAYES, MIDDX. 
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Are you blue about the blue-prints or anything but pro-prototype? This 
impasse has faced many engineers and manufacturers BEFORE they were 
introduced to Tufnol. If Tufnol is new to you, consider its merits : it possesses 
a valuable combination of chemical resisting, electrical insulating and mechanical 
qualities. Tufnol in action resists moisture and corrosion, withstands extremes of 
climate, can be lubricated with water, and has good tensile and 
compression strength—it can be machined as easily as hardwood. _ 






Tufnol has won for itself a vital place in most industries. 
Wouldn’t YOUR idea work out better in Tufnol ? 





2H 






CAN WE HELP YOU? SY 
Our records show many factual examples of this versatile : 


material in action. Much information is already tabulated 
in Tufnol Publications, but our technical staff are equally RENISTERED TRADE seas 
keen to discuss NEW problems. Why not write TODAY ? 


TUFNOL LTD - PERRY BARR + BIRMINGHAM - 22B 





An ELLISON Product 


better ': 
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EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2. 


TELEPHONE: CENTRAL 6565 (10 LINES) 


MANAGING EDITOR: H. G. FOSTER, M.Sc. , M.I.E.E. 
Monthly (published last Friday of preceding month) 2/- net. 


TELEGRAMS: LECTRONING, ESTRAND, LONDON 
Subscription Rate: (Home or abroad) Post Paid 12 months 26/-, or $3°75 (U.S.). 
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NE of the necessary duties in an 

editorial office is the reading of 
the contemporary journals of other 
countries in order that we may be 
conversant with the progress and 
development outside these Isles, and 
from time to time make comparison 
with our own achievements. 

Reading through these journals we 
are frequently struck by the re- 
sourcefulness with which well estab- 
lished principles are adapted to new 
and unexpected applications. 

It is not surprising that the 
electronics computor should offer a 
number of interesting possibilities, 
but one of the most intriguing to 
reach us comes, not unnaturally, 
from Chicago. According to our 
information an electronic umpire has 
been developed there for the 
American game of bowls, and that 
attention is now being given to a 
similar machine for baseball. 

In the assessment of the possibili- 
ties of such a machine, the report is 
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careful to point out, however, that 
its reception by the spectator may be 
hostile since it will not respond to 
any exhortations to “play the 
game.’”’ 

By comparison, our own efforts in 
this direction have been almost 
negligible, and our outlook somewhat 
different. We have tended to keep 
our referees—and indeed what would 
be the point in going to Highbury on 
Saturday afternoon without a 
referee?—and to concentrate our 
efforts instead on machines to play 
our games for us. Our readers will 
recall that we have already made a 
humble start in this direction with a 
“‘noughts and crosses’? machine 
which incidentally contains a built-in 
referee to ring a bell should its 
human opponent attempt to cheat. 

However, should we feel depressed 
at our lack of enterprise we have 
one solid achievement to record this 
month, and it is not inappropriate 
that this issue contains an account 


of the demonstration of the London- 
Birmingham Radio Relay Link and 
that it coincides with an article com- 
memorating the birth centenary of 
Sir Ambrose Fleming. 

The Sutton Coldfield Television 
Transmitter itself will be the largest 
in the world with its powers of 
85 KW (vision) and 12 KW (sound), 
and it is claimed that nowhere else 
in the world does there exist a tele- 
vision radio relay link so technically 
advanced for continuous public ser- 
vice and which offers such possibili- 
ties in telecommunication projects. 

Professor MacGregor-Morris in 
his commemorative article on Sir 
Ambrose Fleming says ‘‘ On certain 
occasions it is well to pause and take 
stock of the achievements made in a 
rapidly growing subject and to con- 
sider to whom we owe the initial 
stages of its inception.” 

In our opinion, the demonstration 
of the London-Birmingham link is 
such an occasion. 
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By J. T. MacGREGOR-MORRIS 
D.Sc. (Eng.) London, M.I.E.E.* 


N certain occasions it is well to 

pause and take stock of the 
achievements made in a_ rapidly 
growing subject and to consider to 
whom we owe the initial stages of 
its inception. The present moment 
seems a suitable occasion to pay 
tribute to an outstanding figure. 

In this journal it is fitting to com- 
memorate the centenary of the birth 
of Ambrose Fleming, which occurred 
on November 29 this year, and we 
propose to do so by giving a brief 
account of his life and his contribu- 
tions to Electrical Engineering, to- 
gether with a more extended 
description of that part of his work 
which contributed to the founda- 
tion of Electronic Engineering— 
such as his work in the field of radio 
valves, cathode-ray tubes and the 
measurement of the length of elec- 
tric waves. 

If added emphasis be needed for 
such a course it is contained in a 
recent utterance of the Vice-Chan- 
cellor of Oxford University, made 
only a few days ago, when he said 
*“*T do not know of any subject or 
study in which, in recent years, th> 
divorce between present practice and 
past history had been so complete as 
in the domain of science . . . thus 
while stress was laid on the up-to- 
date practical pursuit of science the 
long period of preparation and 
development which had led up to it 
should not be neglected.” 

Therefore in this article we shall 
examine the background of scientific 
knowledge which existed some three 
quarters of a century ago, and then 
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study how Fleming reacted to it as 

he grew up, later to become one of 

our leading electrical engineers. 
State of Scientific Knowledge in the 
1870's. 


It is difficult for us to place our- 

selves in the position of such 
ploneers when the phrase ‘ Elec- 
trical Engineering ’’ had _ hardly 
been coined. To mention only a few 
of the practical men of the time, 
there were Swan, Euison, Hughes, 
Sir Wm. Siemens, Crompton, and, 
of the scientists, Wheatstone, John 
Hopkinson, Wm. -Thomson (after- 
wards Lord Kelvin) and Ambrose 
Fleming. 
_ At that time most public light- 
ing was done by arc lamps, and for 
street lighting, as in the City of 
London, some 40 arcs were run in 
series supplied with commutator 
rectified a.c. current, each giving a 
light output of some two-thousand 
candles. In those days one of the 
great topical subjects was that of 
the sub-division of the electric light, 
i.e., the production of a lamp suit- 
able for domestic use. 

Further, whether transformers 
should have primaries connected in 
series or in parallel was still a moot 
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noint; also why or how an .c. trans- 
former worked was so little under- 
stood that a great Patent Office 
refused a patent for a transformer, 
on the grounds that one could not 
get out of anything more than one 
put into it!—in this case it was the 
current in a step-down transformer. 

Electrical Engineering started as 
Electrical Technology, being a 
rather crude combination of physics 
and engineering; before this there 
was only wire telegraphy to absorb 
the attention of practical men with 
a bent for electricity. The electric 
telephone had not been invented. 

In much the same way we have 
seen a similar change occurring in 
radio engineering from the enthu- 
siastic wireless crank of half a cen- 
tury ago to the well established 
radio engineer of the present day. 
Survey of the Life of Ambrose Fleming 


John Ambrose Fleming, born 
November 29, 1849, was the eldest 
son of the Rev. James Fleming, 
D.D., a Congregational Minister in 
Lancaster. In the late autumn of 
1853 the family moved to Kentish 
Town, London, where the father 
continued his ministry until his 
death in 1879. John Ambrose 
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showed an early liking for things 
mechanical, and a growing interest 
in experimenting. In fact, as he 
himself said, he was more interested 
in things than in people, 

As he grew up he took a great 
interest in chemistry. After attend- 
ing University College Boys’ School 
(London) as a day boy, he entered, 
in 1867, the college of which the 
school building formed a part, and 
in 1870 he was one of the two 
successful candidates in the First 
Division of the degree of Bachelor 
of Science. 

A short term of work in the draw- 
ing office of a firm of shipbuilders 
in Dublin was succeeded by some 
two years spent as a clerk on the 
Stock Exchange. As this work 
finished by 4 p.m. Fleming had con- 
siderable spare time, which he de- 
voted to improving his. knowledge 
of chemistry, physics and mathe- 
matics. 

It is interesting that the art of 
popular scientific exposition was not 
neglected, for he gives an account 
of an early experimental lecture 
which he gave to his parents, and 
brother and __ sisters—elaborately 
prepared in the dining room of their 
house, concluding with the giving 
of an electric shock simultaneously 
to all the assembled audience, with 
most satisfying results—to the lec- 
turer. 

At the age of 21, (1870) he was 
appointed Science Master at Rossall 
College where he stayed for two 
years. Then from 1872-74 he 
studied at the Royal College of 
Science; chemistry under’ Dr. 
Edward Frankland, and _ physics 
under Dr. Guthrie. 

By 1874 he was back again at 
teaching—this time as_ Science 
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Master at Cheltenham—on the 
modern side. During the three years 
in this post Fleming was getting 
dissatisfied with the limited scope 
of his knowledge of physics and 
more especially of mathematics. 

To make up this deficiency he 
decided in 1877 to go to St. John’s 
College, Cambridge, to improve his 
mathematical knowledge, but 
specially to work under the famous 
Clerk Maxwell, the first director of 
the Cavendish Laboratory, which 
institution has had a continuous 
succession of professors of world- 
wide reputation including Sir J. J. 
Thomson and Sir Ernest Ruther- 
ford. 

After the death of Clerk Maxwell 
in 1879, Fleming undertook some 
work as demonstrator in the Uni- 
versity, during which period he 
obtained in 1880 the degree of 
D.Se. of London. 

In 1882 he was appointed to the 
newly created chair of Mathematics 
and Physics at Nottingham as its 
first occupant. 

Though he made a success of this 
new appointment the attractions of 
London were too strong for his 
rather practical nature, so he left 
at the end of the session to join the 
Edison Electric. Light Company. 
Professor John Hopkinson was their 

‘ scientific adviser ’? while Ambrose 
Fleming was their ‘“‘ electrician ”’— 
probably the term “electrical 
scientist ’’ would convey nowadays 
a better idea of his position. 


Professor at University College, 
London, 1885 to 1926 


It was not long, however, before 
he returned to the professorial 
ranks, this time to the college of his 
early student days, University Col- 


% 


Fig. |. University 
College, London. 
The electrical la- 
boratories where 
Professor Fleming 
worked are on the 
first floor, to the 
right of this 
photograph 


(Copyright, Country 
Life) 
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lege London (Fig. 1), for in 1885 he 
was apoinpted the first Professor of 
Electrical Technology at that col- 
lege. He was to hold this post for a 
period of over 40 years. This period 
covers the extraordinary growth of 
wire telegraphy and telephony, elec- 
tric lighting, traction, and later the 
start and growth of wireless valves, 
amplifiers, oscillators, photo-electric 
cells, the cathode-ray tube, elec- 
tron-optics and_ television; which 
vast array of subjects is now known 
as Electronics. During the whole of 
these 40 years Fleming directed his 
department with vision and enthu- 
siasm so that University College 
London was in the forefront of many 
of these developments. 

It was early in this period, in 
1887, that he married his first wife, 
Clara Ripley Pratt, who died in 
1917. 


(i) Transformer Tests 


We shall now follow more closely 
some of Fleming’s achievements 
during this period of 40 years. From 
1885 to 1895 Fleming was one of the 
leading exponents of the theory of 
alternating current transformers, 
and of their practical performance. 
Incidentally the two volume treatise 
which he wrote on ‘“‘ The Alternate 
Transformer ”’ was for many years 
the premier treatise on the subject. 
In one of his diaries he states that 
this book was written in its entirety 
after 10 o’clock at night. 

In 1890 Fleming was engaged on 
an almost classical investigation on 
the behaviour of power transformers 
under various conditions of load. 
That we may understand the diffi- 
culties of making reliable measure- 
ments of alternating voltage, current 
and power, we should recall the fact 
that the only trustworthy instru- 
ments available at that time for 
such purposes were the Cardew Hot- 
Wire Voltmeter and the Siemens’ 
Electrodynamometer, apart from 
the Kelvin Electrostatic Volt- 
meter and the Kelvin ampere 
balance. The Wattmeter for alter- 
nate current measurements of 
power was hardly existent, and the 
importance of reducing the induc- 
tance of the shunt circuit of the 
wattmcter in comparison with its 
resistance, when the load was highly 
inductive, was only beginning to be 
appreciated by practical men. In 
fact, Fleming and Swinburne 
actually constructed their gown watt- 
meters, and even then such men 
laboriously checked their results by 
the 3-voltmeter method which re- 








quires a supply giving about double 
the working voltage of the trans- 
former, a condition not always easy 
to obtain. 

During the work on these trans- 
formers the development of the 
instruments and the low voltage 
part of the testing was done at 
University College, but by far the 
greater part was carried out at the 
Engineering Offices of the Lon- 
don Electric Supply Corporation, 
Adelphi Arches, Charing Cross. At 
this time Mr. J. C. Shields was Dr. 
Fleming’s assistant, and he spared 
no pains to ensure that the results 


were reliable. The experiments 
extended over a_ period of five 
months. 


All the results were collected to- 
gether in a paper entitled ‘‘ Experi- 
mental Researches on Alternate 
Current Transformers,’’ which 
Fleming presented to the Institu- 
tion of Electrical Engineers in 
November 1892. The paper excited 
great discussion. The presenta- 
tion of the paper, and the discus- 
sion occupied five consecutive 
Thursday evenings, and it was not 
until February 9, 1893, that 
Fleming was allowed to reply, and 
he took the whole evening to do this. 

Undoubtedly this paper and the 
discussion which it evoked was a 
great contribution to the clarifica- 
tion of the operation of power trans- 
formers. 

Fleming did not let the grass 
grow under his feet, for as a result 
he delivered four Cantor lectures 
to the Society of Arts on ‘‘Practical 
Measurements of Alternating Cur- 
rents’ and these were illustrated 
fully by experiment. Later on 
he was asked to direct and 
arrange to carry out further experi- 
mental investigations, this time for 
the City of London Electric Light- 
ing Company on the ageing of core 
losses in transformers, and later, on 
the waveform of the alternators at 
Bankside on open circuit and when 
on load. 

We have examined this branch 
of his work, so as to bring out its 
thoroughness and to bring home the 
fact that it was his combination of 
the mastery of the underlying prin- 
ciples involved, and a real gift of 
exposition, which resulted in prac- 
tical men coming away from his 
Cantor and other lectures feeling 
that they had got hold of something 
of which they could make use. 

(ii) liluminating Engineering 

As our second example, we take 

Fleming’s contributions to the de- 


Fig. 2. One of 
Fleming’s 
**Pendar’’ large 
bulb carbon fila- 
ment standard 
lamps (right) anda 
contemporary 
commercial 32 
cp. carbon lamp 
(left) 


(Courtesy, The Tele- 
vision Society) 


velopment of electric lamps of the 
filament type, and their photo- 
metry. From i885 to 1895 the Gas 
Referees and Examiners were the 
principal users of photometric 
methods in London, as they were 
appointed to ensure that gas 
supplies were up to the specified 
standard of illuminating power. 
Their tests were carried out chiefly 
by trained chemists, working at 
various stations throughout Lon- 
don, at irregular times, these times 
being entirely unknown to the gas 
companies. The Bunsen ‘“ Grease- 
spot’? was the photometer, and 
originally the standard was _ the 
** good old Parliamentary Candle ” 
made of the best spermacetic wax, 
and burning 120 grains in the hour. 
As it very rarely burned at the 
specified rate, and as there was no 
legally agreed factor for correcting 
the light output when the rate of 
burning departed from the 120 
grains /hour—it was a most untrust- 
worthy standard. Furthermore, it 
was affected by draughts, varia- 
tions of barometric pressure and 
degree of humidity of the atmos- 
phere; its only real qualification as 
a standard was that of simplicity. 
Oil and pentane flame standards, 
with or without Methven slits were 
being tried out, and as a result the 
Vernon Harcourt 10 C.P. Pentane 
Lamp became established at a later 
date as the standard, but here again 
there were uncertain corrections, 
for barometer and moisture and also 
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for vitiation of the atmosphere. At 
this time errors of 10 per cent or 
more were quite likely. 

Such then was the unsatisfactory 
position when Fleming brought his 
powers to bear on the subject. 
Owing to his connexion with the 
Edison and Swan Company as 
“advising electrician’ from 1883 
onwards he had ample opportunities 
of estimating the importance, as 
well as the difficulties, of accurate 
photometry. 

I cannot do better than take the 
rest of this section from my friend 
Arthur Blok’s Third Fleming 
Memorial lecture delivered in 1948, 
as Arthur Blok himself was also an 
enthusiast about illuminating en- 
gineering. 

Speaking of the position at the 
turn of this century, he says: 

“Fleming had long regarded 
photometric work as a necessary 
component in electrical engineering 
training and the light-testing gal- 
lery at University College was, 
according to the standards of the 
nineties, remarkably well equipped. 
He seemed to have a_ prophetic 
knowledge that electric lighting was 
soon to become a matter of skilled 
engineering . . . For years Fleming 
had been focusing his attention on 
the possibility of a practical stan- 
dard of light intensity which would 
be less variable and more a working 
tool than the erstwhile oil lamp 
standards. 

‘““He had turned, therefore, to 
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incandescent filaments in vacuo and 
he had initiated much work on the 
changes in luminous emission from 
carbon filament lamps, whether 
caused by changes in the filaments 
themselves or by blackening of the 
bulbs. At the Pender laboratory at 
Gower Street we were all in this and 
would often emerge from the photo- 
metric gallery after hours of close 
work with the Lummer-Brodhun 
photometer blinking like owls in the 
noon-day sun. The result of all this 
work was the setting up of the 
‘** Pender ”’ series of standard lamps 
comprising carbon filaments which 
had been seasoned in vacuo and 
were then remounted in large new 
bulbs, so big as to minimise blacken- 
ing. (Fig. 2.) They may, I think, be 
regarded as the foundation on which 
all subsequent practice in incandes- 
cent filament standards was based.”’ 
(iii) Telephonic and Radio Frequency 

Research 

For a third example of Fleming’s 
method we might take his contribu- 
tions to the study of the properties 
of dielectrics at telephonic fre- 
quencies. These were partly 
undertaken in conjunction with 
the late G. B. Dyke; also his 
notable work on _ the _ Edison 
effect culminating in the introduc- 
tion of the ‘‘ Fleming ”’ valve as the 
first reliable receiver of radio sig- 
nals and one with which measure- 
ments of signal strength could be 
made. In addition there is his work 
on the measurement of the length of 
electric waves (a ‘‘ cymometer ”’ is 
shown in the foreground of Fig. 8) 
and on cathode-ray tubes. 

Enough, however, has been said 
to show Fleming’s method, i.e., 
that of concentrated study com- 
bined with experiment. As_ the 
work proceeded he added experi- 
mental lectures to scientific bodies, 
as well as to _ his _ students. 
In each subject which he _ took 
up it will be found that a substan- 
tial contribution was made to the 
practical side of the subject, some- 
times in the form of a practical con- 
tribution to the instrumental side, 
sometimes by means of an I.E.E. 
paper, and again at other times in 
the form of a treatise on the subject. 
Electrical Measurements 

To present-day engineers it is 
amusing to recall the primitive 
arrangements which were in use in 
the early days for the supply of elec- 
tric current operating electric arcs 
in lighthouses. As the generating 
plant required considerable space, 
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and the fuel used was coal, only 
lighthouses on the mainland could 
use such equipment, for example, 
the North Foreland and the Lizard. 

About a century ago, when such 
sources were introduced, alternating 
currents were used. The alternator 
had a set of permanent magnets for 
its field, and was driven by a steam- 
engine supplied from a coal-fired 
boiler. The electric circuits were 
reduced to as simple a form as pos- 
sible for the sake of reliability, thus 
reducing risks of failure of the light 
to a minimum. 

In those days practical electrical 
measuring instruments were only 
beginning to be developed, and so 
no ammeters or voltmeters were in- 
cluded, nor for that matter any 
fuses, nor any automatic safety de 
vices, as these had hardly been 
thought of. Thus the attendant 
had no means of knowing what was 
the correct speed at which to run 
his engine to produce the best per- 
formance of the electric arc, and | 
have it on good authority that the 
attendant ran up his alternator to 
what he thought was the right 
speed, and then vopped his head out 
of the engine room to have a peep at 
the are. If it was not bright 
enough he put on a few more 
revolutions, if too bright he screwed 
down to stop-valve a bit. 

As the months went on the atten- 
dant found that he had to run his 
alternator faster in order to get 
enough light. This was due to the 


Fig. 3. The first telec 
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fact that the permanent magnets 
were getting weaker with use. When 
the engine was running uncomfort- 
ably fast, a change-over had to be 
made to a spare set, while the mag- 
nets of the first machine were dis- 
mantled and re-magnetised. 

Such then was the position when 
many of the leading electricians 
like Siemens, Swinburne, Wm. 
Thomson, Evershed, and _ others, 
tried their hands at _ inventing 
measuring instruments. 

As for Fleming, he developed an 
alternating current voltmeter, the 
direct current potentiometer and 
an alternating current wattmeter. 
Of these only the b.c. potentio- 
meter has survived. 

In 1882 his attention was turned 
to the need for quick and reason- 
ably accurate workshop methods of 
measurement. Perhaps his mind 
was further stimulated in this direc- 
tion by his contact with another 
pioneer in electrical engineering, 
the late Col. R. E. B. Crompton. 

It is clear that Fleming was the 
originator of the idea of making the 
apparatus direct reading by using 
the simple device of connecting in 
series with the Poggendorff poten- 
tiometer, a continuously adjustable 
resistance (see Fig. 4) which is 
adjusted through the medium of a 
standard cell of known E.M.F., so 
that the value of any unknown 
voltage can be read off directly in 
volts. Avowedly this is a very 
simple addition, but it resulted in 


tions laboratory for undergraduate teaching, 
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the arrangement being adopted 
almost immediately for practical 
work. It was in 1883 that Fleming 


made the first direct reading poten- 
tiometer set to read current and 
voltages in amperes and volts. 
During the next few years Cromp- 
ton turned it into a more practical 
shape, abolishing mercury cups, 
and altering other items, so that it 
became more portable. 

At first it was possible to attain 
an accuracy of perhaps } per cent. 
Nowadays, owing to the _ better 
knowledge of materials available, 
and to the introduction—first of 
the Clark cell and later of the 
Weston cadmium cell, the accuracy 
of such measurements has been in- 
creased by at least one hundred- 
fold, but even in its modern form 
it still embodies the Fleming prin- 
ciple of direct reading, and the 
Crompton desire for compaciness 
and portability; indeed, as we all 
know, it has become an absolute 
necessity for any laboratory worthy 
of the name. 

Quite naturally such pioneering 
work in the field of electric measure- 
ing instruments and their use in 
testing dynamos and other appara- 
tus forced upon Fleming the real 
need for the establishment of some 








, 
Fig. 4. Fleming’s 
modified Poggen- 
dorff potentio- 
meter for direct 
reading of un- 
known cell 

E.M.F.s 


certify as to the correctness of their 
indications. 

Urged by this conviction we find 
in 1885, Fleming prepared a paper 
to read before the Society of Tele- 
graph Engineers and Electricians 
(later to become our I.E.E.) en- 
titled ‘‘On the necessity for a 
National Standardising Laboratory 
for Electrical Instruments ”’ which 
resulted in a proposal for a National 
Electric Standards Laboratory. 

However, though this paper may 
be considered to be the starting 
point of the movement, it was not 
until 1890 that the Board of Trade 
Electrical Standards. Laboratory 
(Fig 5) was established, at first 
under the direction of Major Cardew, 
and later Mr. A. P. Trotter. The 
work of this laboratory was finally 
transferred to the National Physical 
Laboratory, Teddington, which was 
founded in 1901. 

Measurements at Radio Frequencies 


Many years later when the new 
subject of electric wave telegraphy 
was being developed, Fleming again 
turned his attention to devising 
measuring instruments, this time 
suitable for the new technique. 

Thus we find him at work on 


5. Floor plan of the Board of Trade 
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apparatus for the measurement of 
small capacitances and inductances, 
and such apparatus was developed 
in conjunction with his right-hand 
man, Mr. (afterwards Professor) 
W. C. Clinton, while later ag with 
the help of his assistant, . B. 
Dyke, he developed other anna 
and carried out testsin thisnew field. 

Then his electric wave measurer— 
called by him a cymometer—was 
probably the first practical device 
for measuring the length of long 
electric waves. This was in 1905. 
Popular Scientific Lectures 


No account of Fleming’s activities 
could have any semblance of com- 
pleteness were it not to make 
reference to his popular scientific 
lectures. Fleming’s ideal in these 
lectures was that of Michael Fara- 
day, and I venture to think that 
Ambrose Fleming was a very good 
second to that ** prince of scientific 
lecturers.’ 

Quite apart from his highly suc- 
cessful Christmas lectures for 
juvenile audiences at the Royal 
Institution, Fleming was iin great 
demand by many of the larger 
provincial lecture societies from 
Greenock in the north to Ports- 
mouth in the south. In one session 
he delivered 24 such lectures, prac- 
tically all of which were experi- 
mentally illustrated. Many of the 
experiments were devised to be 
shown as shadows of miniature 
apparatus working in the lantern 


slide carrier, thus being easily 
visible to the entire audience and 
at the same time contributing 


greatly towards portability. 
Retirement at Sidmouth 


On Fleming’s retirement in 1926 
he settled at Sidmouth, where he 


authoritative body which could Electrica eta had built a house. 
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For some years he often went up 
to London visiting his old college, 
and, as Dr. W. H. Eccles writes in 
‘“‘Nature,” he (Fleming) ‘‘ was 
quick in his movements. This 
celerity was characteristic; even 
when he was in the middle 
seventies, one. could see his linear 
figure threading quickly a popu- 
lous corridor in the College, intent 
on a goal, looking neither right nor 
left, overtaking everybody. Indeed, 
in intellectual as well as material 
things Fleming’s main principle of 
action was full-speed ahead.”’ 

In 1933 he married as his second 
wife Miss Olive May Franks, ‘“‘a 
singer of wonderful charm ’’—who 
survives him. 

For over fifteen years he was 
president of the Television Society 
of London. He was an ardent sup- 
porter of the late J. L. Baird—that 
remarkable inventor of television 
whose success was due to his fore- 
sight and continuous pertinacity in 
spite of great opposing forces. 
Fig. 6 shows the two friends to- 
gether on the occasion of a televi- 
sion demonstration. 

Honours came to Fleming late in 
life, but when they did come they 
were showered upon him. In 1929 he 
received a knighthood, and, among 
other honours, the Hughes Medal of 
the Royal Society. He was made 
Emeritus Professor in the Univer- 
sity of London in 1926, Honorary 
Fellow of St. John’s College, Cam- 
bridge, 1927, Faraday Medallist of 
the I.E.E., 1928, and was awarded 
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the Radio Medal, U.S.A., 1983, and 
the Franklin Medal, U.S.A., 19385. 


Conclusion 


Fleming was always intensely in- 
terested in any phenomenon con- 
nected with sparks, arcs and the 
discharge of electricity in semi- 
vacuous spaces such as the old- 
fashioned Geissler tubes and the 
modern neon tubes, the production 
of X-rays and the Edison effect, i.e., 
the conduction of negative charges 
across vacuous spaces. 

He examined experimentally with 
enthusiasm the Edison effect on his 
return from America in 1885, read- 
ing a paper to the Physical Society 
of London on his experiments and 
giving a Friday evening discourse 
at the Royal Institution, London. 

Later, in 1896, he made a further 
study of these effects, the results 
being published in a _ Physical 
Society paper in that year. About 
the same time he studied the focus- 
ing of a beam of cathode rays by 
means of a short or squat solenoid 
and also the properties of X-rays, 
and later the subject of photo- 
electricity. 

It will be noticed that all these 
have to do with the behaviour of 
electricity in spaces between solid 
(or liquid) conductors, in fact, 
studies of the behaviour of free elec- 
trons in gases or rarified spaces. 

It is now clear that such studies 
were a first-class preparation for 
the understanding of the subject of 
electronic engineering which was 
yet to be born, thus preparing 
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Fleming to make the great advance 
of the application of the Edison 
effect to radio-telegraphy reception. 
It shows the importance of taking 
a lively interest in new phenomena 
which may not be obviously of 
direct value to one’s immediate 
work, if one has reasonable hope of 
making major contributions to 
one’s profession. 

The younger generation of scien- 
tists and engineers have not per- 
haps such opportunities of making 
radical new discoveries in our pro- 
fession as had Fleming and his con- 
temporaries, but there is no doubt 
whatever that any young man or 
woman who essays to make elec- 
tronic engineering his or her life’s 
work, should, like Fleming, see to 
it that their knowledge rests on 
broad foundations, including such 
subjects as physics and mathe- 
matics, and for that matter chemis- 
try. By so doing, when any new 
discovery comes along they will be 
able to get to grips with the funda- 
mentals of the phenomenon, and 
thus be in the forefront with those 
who are able to use such knowledge 
with certainty for practical appli- 
cations. 

In Fleming’s life we see this 
aspect illustrated time and time 
again, e.g., in the case of the prac- 
tical application of transformers, 
the development of electric lamps 
of the filament type and in the in- 
vention of the radio valve—to take 
only three cases. 

In addition to such individual 
pioneering, the importance of try- 
ing to understand the other fellow 
and his point of view is becoming 
more and more essential, as much 
of our scientific work, especially on 
the engineering side, has to be done 
by teams. This side of present-day 


research and development cannot 
be overstressed. The days for such 
men as Faraday, Hughes and 


Heaviside may be largely over; 
they ploughed their lone furrows; 
instead, we find the loosely-knit 
teamwork led by such men as Sir 
J. J. Thomson and Sir Ernest 
Rutherford with ‘‘ families’”’ of 
scientists or the equally important 
teamwork of such groups as, for 
example, the T.R.E., which have 
come to the front in recent years. 
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An Experimental Crystal Amplifier 


RITING in Radio-Electronics 

for May 1949, Rufus Turner 
describes an experimental Tran- 
sistor which was made for him by 
R. Jacobson, using a 1N34 germa- 
nium diode. As these rectifiers are 
fairly readily available from surplus 
disposal stores, this account of the 
making of a Transistor is repro- 
duced for the benefit of those wish- 
ing to experiment with the new 
amplifier. 

An account of the operation of 
the Transistor was given in ELEc- 
TRONIC ENGINEERING for September 
1948. The following notes deal with 
the construction and testing of the 
unit. Two 1N34’s will be required 
to provide the two catswhiskers, 
leaving a spare crystal. 

The 1N34 consists of two threaded 
brass end plugs which are screwed 
into opposite ends of a small ceramic 
tube. The tungsten whisker is 
soldered to one of these plugs and 
rests upon the surface of the germa- 
nium wafer. The wafer is soldered to 
the end of a brass pin passed through 
a central hole in the other end plug 


An exploded view of the transistor 


Fig. |. 
when ready for assembly 
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and held by a setscrew. These parts 
are all shown, ready to go together, 
in Fig. 1. After adjustment at the 
factory, the ceramic tube is filled 
with wax. This wax has been 
injected through a hole in the side 
of the ceramic tube; this hole served 
previously for an access. point 
through which the whisker could be 
moved about to various spots on 
the germanium surface during elec- 
trical adjustment. 

After obtaining two 1N34’s, the 
first step in the construction of the 
triode is carefully to pick out the 
sealing material which plugs the 
hole in the ceramic tube of each unit, 
This may be done with a needle, 
being cautious not to dig any 
deeper into the unit than the thick- 
ness of the ceramic wall. The next 
step is slowly to melt out the wax 
by heating the entire unit. Hold it 
high over a low flame. Make no 
attempt to rush this operation. The 
wax will run out through the side 
hole. After the wax has_ been 
expelled, the tinned ferrules which 
hold the pigtails may be peeled off 
the end of each unit with the aid 
of diagonal cutters. This will expose 
the two brass end plugs which then 
may be unscrewed. 

After removing the end plugs, un- 
solder the whiskers from their plugs 
and bathe them in carbon tetra- 
chloride. The next step requires 
painstaking care: saw one of the 
whisker plugs vertically in half, 
using the thinnest obtainable 
jeweller’s saw blade, to obtain the 
two separated halves as shown as 
parts A and C in Fig. 1. Solder one 
whisker to each half. The tungsten 
wire is a little tricky to solder and 
may require acid soldering flux. If 
the latter is used, wash the finished 
job thoroughly in strong soapy 
water, give several rinsings in clear 
water, then dry the parts and hathe 
them in carbon tetrachloride. Next, 
using Duco cement, fasten the two 
halves of the split end together with 
an insulating separator (part B in 
Fig. 1) made from Lucite or Plexi- 
glas 1/64 in. thick. Be careful to 
keep the threads of the split plug 
aligned. Then, with a _ needle, 
toothpick, or slender tweezers, bend 
the tips of the whiskers together 
until they have the smallest separa- 
tion without actually touching each 
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Fig. 2. The assembled crystal amplifier 


other. It will help to use both a 
magnifying glass and continuity 
meter in this operation. 

Screw the two-whiskered plug 
back into one end of the ceramic 
tube, and the germanium-holding 
plug F into the other end. Using 
a magnifying glass look through the 
tube hole to see whether the whiskers 
are both in contact with the germa- 
nium surface and also whether 
threading in the germanium plug 
has twisted them. If the whiskers 
are twisted or are touching each 
other, separate them with a needle 
or tooth-pick inserted through the 
hole. If they are spread too far 
apart, push them closer together 
with the needle. If the whisker 


EMITTER TERMINAL COLLECTOR TERMINAL 
-— a a 








TRANSISTOR M2 10-10 MA 
R CURRENT | GERMANIUM 
—— —JeOLLECTOR 
CURRENT 
+ 45V 
+F 
Fig. 3. Test circuit to measure 
transconductance 


tips are ‘not in contact with the 
germanium surface, loosen the set- 
screw in the germanium end plug 
and cautiously push the end of the 
germanium pin inward by means of 
a pin inserted into the centre hole 
of the plug, until contact is made. 
Then retighten the setscrew. 

The final step is to solder a wire 
pigtail lead to each half of the split 
whisker plug (A and C in Fig. 2) 
and also to the germanium plug F. 
The soldering operation must be 
completed quickly in order not to 
melt the solder holding the whiskers 
or damage the germanium wafer. 

Throughout the construction, take 
care not to handle the germanium 
wafer or the whiskers with the 
fingers any more than is absolutely 
necessary. If there has been exces- 


r 

















December, 1949 


sive handling, both the whiskers 
and the germanium wafer should be 
bathed in carbon tetrachloride or 
lacquer thinner. 

Fig. 2 shows how the completed 
transistor assembly appears in cross 
section. Letter symbols are the 
same as those in Fig. 1. The distance 
between the catswhiskers is exag- 
gerated in the sketch. 


Adjustment 


After the unit has been assembled, 
set up the test circuit shown in Fig. 
8, and test the crystal triode accord- 
ing to the following procedure. 
Either half of the split end plug 
may be chosen as emitter or col- 
lector. 

1. With switch S2 open, close 
switch S1. The emitter current, 
read with milliammeter M1, should 
not exceed 20 mA and undoubtedly 
will be in that neighbourhood at 
the outset.* 

2. Open S1 and close $2, The col- 
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lector current, read with milliam- 
meter M2 should not exceed 0.5 mA. 

3. If emitter or collector current 
is in excess of the values given, 
reverse the emitter and collector 
terminals and repeat steps 1 and 2. 
If the currents: still are excessive, 
unscrew the germanium end plug, 
loosen the setscrew, and rotate the 
germanium pin to expose new sur- 
face points to the whiskers. Re- 
insert the end plug, respace the 
whiskers. 

4. Close switch S2 and record the 
reading of milliammeter M2 as I. 

5. Leaving S2 closed, close S1, 
noting the new reading of milliam- 


meter M2. Record this second M2 
deflexion as [2. 
6. The transconductance is 





* The Editor of Radio Electronics comments that 
the 20 mA emitter current is very much greater 
than the figures commonly published. These 
range from afraction of a milliampere to 1 or 2 
mA. Transistors made by different experimenters 
vary widely for reasons still unknown. The per- 
formance of transistors made by readers therefore 
may be entirely different from that of the one 
described here. 
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1,000 (12 — 1) 
1.5 


The builder should aim for the 
highest transconductance he can 
obtain with a given germanium 
wafer. Magazine articles have 
reported transconductances as high 
as 15,000 micromhos. The author 
has found that transconductances 
of 1,000 to 8,000 (comparable to 
such tubes as the 6J5, 6SQ7, 6T7, 
etc.) may be obtained readily with 
little or no adjustment on a tran- 
sistor of the type described in this 
article. Rotating the germanium 
wafer to expose better spots to the 
two whiskers has yielded transcon- 
ductances a little higher than 5,000. 


After all adjustments are com- 
pleted, the side hole in the ceramic 
tube should be closed with a small 
piece of Scotch tape. We do not 
recommend filling the interior of the 
unit with any of the waxes ordi- 
narily available to the home experi- 
menter. 





micromhos. 
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is that the test instrument, con- strapped together as a part of the The Figure shows a circuit which 
nected into the circuit for the pur- tuning indicator circuit and the grid- uses these principles. 
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pose of alignment, introduces an 
additional capacitance. The ad- 
justments are carried out with this 


capacitance across the circuit and, 

when the test instrument is discon- 

nected, the gee will no longer Re 

be in correct adjustment. 
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IONISATION IN GASES— 


The lonisation Chamber and the Geiger Counter 


By T. H. D. ATTEWELL, B.Sc., M.I.R.E. 


T has long been known that air, 

an insulator for all practical 
purposes, can become conducting 
in the presence of X-rays and of 
radioactive substances, and_ that 
this is due to the formation of ions 
and free electrons in the gas. To 
obtain a picture of the process of 
ionisation it is helpful to examine 
the energy relationships of an 
electron with the atom of which it 
forms a part. 

For simplicity we shall consider 
first the hydrogen atom, which has 
a nucleus consisting of one proton, 
with which is associated one orbital 
electron. Now it was first suggested 
by Bohr that the extra-nuclear 
electrons in an atom can move only 
in certain definite ‘ permitted ” 
orbits, and that radiation occurs 
discontinuously in discrete ‘‘ wave- 
packets,” called quanta, when an 
electron makes what is, effectively, 
an instantaneous transition from 
one permitted orbit to another 
nearer the nucleus. This is shown 
diagrammatically in Fig. 1. He 
further postulated that the energy 
of the quantum is proportional to 
the frequency (¥) of the emitted 
radiation, or :— 

fot eee (1) 
where h constant, 
having the dimensions of action 
and being equal to 6.624 x 10” 
erg. sec. 

With each permitted orbit there 
is associated a _ particular total 
energy E (kinetic plus potential) 
for an electron placed in it. This 
total energy is readily calculated 
for the simple Bohr picture of the 
hydrogen atom, in which one 
assumes circular orbits, and also 
that it is only the angular momen- 
tum of the electron which is 
quantised, that is, restricted to 
** permitted ”’ values only. It is 
found that these values are given 
by nh/27 where n is a positive 
integer, called the principal quan- 
tum number, having the possible 
values 1, 2, 3, .. . etc. 

The derivation is given in the 
Appendix, and, by substituting for 





* EK. Cole, Ltd. 

















Fig. |. Electron jump accompanied by the 
emission of a quantum of radiation 


the various quantities in the rela- 
tion found there we can calculate 
the value of E for the innermost 
orbit by putting n = 1. Similarly, 
by putting n = 2, 3, ... etc., we 
derive the value of E for orbits 
successively further out. Writing 
these as Fi, E:, Es, .. . etc., respec- 
tively, they may be illustrated by 
the energy-level diagram of Fig. 2. 
The lowest level E: is known as the 
Ground State and is represented 
by a horizontal line. Above this 
are drawn further lines to represent 
the other permitted levels E2, Es, 
. .. the spacing between these lines 
corresponding to the differences in 
energy which they represent. Since 
E < 1/n’,. the lines become closer 
as their level rises until they merge 
at tne terminating level En where 
E=0, (at all other levels E is 
negative in sign). An _ electron 
reaching this level can be said to 
have escaped from the atom in 
doing so, and leaves behind a 
positively charged ion. The energy 
step marked & is therefore the 
energy needed to ionise a hydrogen 
atom in the ground state. Since 
this. involves removing unit elec- 
tronic charge, we may refer to this 
step as the ionisation potential, 
and express it in volts. 

The steps P:, P:, . . . are the first 
and second ... etc., excitation 
potentials. An electron might be 
raised from the ground state to 


E: (say), by the absorption of 
energy. The atom is then said to 
be “ excited.”’ If the electron now 
returns direct to the ground state 
a photon will be emitted according 
to the relation 
E; — Ei = hv 

It must be noted that the above 
discussion is a simplification of the 
problem. We have restricted our- 
selves to circular orbits, and have 
introduced only one quantum 
number (n). In fact four quantum 
numbers are needed to describe the 
system completely, and we are 
obliged to relinquish our fixed 
orbits in favour of the more 
nebulous concept of a_ probability- 
functional charge distribution in 
space. In more complex atoms the 
energy levels fall into a number of 
groups, and not all the possible 
transitions between levels are per- 
mitted. 

However, the general picture of 
ionisation so far given, using hydro- 
gen as an illustration, is sufficient 
for our purpose, and ionisation in 
complex atoms can be regarded as 
the removal of one or more of the 
outer (valency) electrons. The 
energy required is not readily 
calculable as for hydrogen, but may 
be found experimentally. Some 
excitation and ionisation potentials 
are collected for reference in 
Table 1. 

For a more complete treatment of 


Fig. 2. The energy-level diagram 
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the subject a specialised account 
may be consulted.’ 


Negative lons 


In addition to ionisation by the 
loss of an electron, there is a second 
ionising process. Some atoms -in 
particular show a_ tendency to 
acquire electrons in excess of their 
normal complement, so forming 
negative ions. Fluorine, chlorine 
and oxygen are typical examples. 
The tendency to form negative ions 
is predictable from the electron 
affinity of the atom, defined as the 
energy set free when enough elec- 
trons are added to a gram-atom of 
the element to convert the whole to 
ions of normal valency. For fluor- 
ine this amounts to 98.5 K.cals. 
mole-", while for oxygen it is nega- 
tive, being -—168 K.cals. mole~’. 
Thus energy is liberated when 
fluorine ‘‘ adds on”’ electrons, and 
absorbed when oxygen does so, con- 
sequently the latter forms negative 
ions less readily than the former. 
Negative ions will be referred to in 
connexion with Geiger counters, 
but ignored in Ionisation chambers, 
where their presence does not 
materially affect the present dis- 
cussion. 


Mobility and Recombination of lons 


If ions are produced at a steady 
rate, by, let us say, X-rays, in a 
volume of gas across which a con- 
stant. potential is maintained 
between a pair of electrodes, then 
negative ions and electrons will 
drift toward the anode, while posi- 
tive ions move toward the cathode. 
Under unit field (1 volt/cm.) the 
velocity for ions is of the order of 
i cm./sec. at normal pressures, and 
is much higher for electrons, the 
value for the latter depending on 
the nature of the gas. The velocity 
in. cms./sec. under unit field at 
0° C. and 760 mms. pressure is 
termed the mobility.’ 

Ty a system such as that indicated 
above, not all the ions are actually 
collected by the field, and in the 
absence of the field ions do not 
accumulate _ indefinitely, even 
though they are being formed at a 
constant rate. The reason is simply 
that ions of opposite sign, or ions 
and electrons, are frequently in 
collisions resulting in charge neu- 
tralisation with formation of 
neutral atoms, and equilibrium is 
reached between the three pro- 
cesses—formation, collection, and 
recombination. It may be shown 
very readily that the rate of recom- 
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bination is proportional to N’, 
where N is the number of ion-pairs 
present, and that recombination 
alone, in the absence of formation 
and collection, occurs according to 


the law: 

dN /dt = — oN’ 
where dN/dt is the rate of dis- 
appearance of either kind of ion 
and ¢@ is a constant. 





The Townsend Avalanche 


If the gas pressure in the system 
is now reduced, the mean free paths 
of the particles are increased pro- 
portionally. By reducing pressure 
and increasing the field it is pos- 
sible to arrive at a condition where 
an electron (say) is_ sufficiently 
accelerated to enable it to eject 
another electron from the next 
atom it strikes. The ejected elec- 
tron may now ionise a_ further 
atom. The whole process is cumu- 
lative, and results in an avalanche 
of ions, which may have been 
started by one electron only. The 
phenomenon is named after Sir J. 
Townsend, a _ pioneer in_ these 
studies, and is also referred to as 
‘‘ gas amplification.’ 


lonising Agents 


We may now very briefly sum- 
marise the more important ways in 
which the energy needed for ionisa- 
tion is provided. These are :— 

(a) Collisions with particles whose 
kinetic energy is used up in ionis- 
ing the neutral atom and in impart- 
ing kinetic energy to the resultant 
ions. The particles with which we are 
concerned are ions and electrons 
already present, electrons from 
radioactive disintegration (8-par- 
ticles) and helium nuclei (¢-par- 
ticles). (b) Ionisation by X-and 
Y-radiation.* f the various pos- 
sibilities here, two will be sufficient 
for our immediate consideration :— 

(i) The photoelectric effect. An 
incident photon is completely 
absorbed by a neutral atom and an 
electron is rejected. The photon 
energy appears as ionising energy 
plus the kinetic energy of the ions 
formed. Photoemission is propor- 
tional to (approximately) the fourth 
power of Z, the atomic number of 
the- material irradiated. 

(ii) The Compton effect. Here 
the photon is elastically scattered 
from an electron in an atom, the 
electron recoiling out of the atom. 
The emergent photon thus has an 
energy lower than it had on 
incidence, but may still be able to 
ionise further atoms. The effect is 
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relatively independent of Z, and 
occurs at higher energies than the 
photoelectric effect. For Y-rays of 
energy around 5 KeV. and below, 
nearly all electrons ejected are 
photoelectrons. At about 100 KeV. 
the proportion is 80 per cent 
Compton and 20 per cent photo- 
electrons, while above 800 KeYV. 
only the Compton effect is of major 
importance. 


Classification of Counters 


We have scen how neutral gas 
atoms may give rise to ions when 
they absorb radiation of sufficiently 
high energy (low wavelength), or 
are in collisions with various par- 
ticles. The collection of ions so 
formed provides a method whereby 
such radiation and/or particles 
may be detected, and we may now 
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Fig. 3. A basic counter system 


examine the various types of detec- 
tor, more usually termed ‘“ coun- 
ters,”’ using this principle. 

Consider the simple arrangement 
of Fig. 8. Some suitable thin- 
walled container is provided with a 
wire anode (A), and a concentric 
cylindrical cathode (C), and is 
filled with a simple gas at low 
pressure, let us say Argon at 10 cm. 
Hg. The cathode is earthed, and 
the anode is connected to a variable 
potential (V) through a resistor 
(R). Imagine that one single 
a-particle, entering the space be- 
tween anode and cathode, gives 
rise to 10* ion pairs, but that a 
certain f-particle gives only 100 
ion pairs on entry. When the 
voltagé V is being applied, either 
of these events will result in a burst 
of ions being collected, and hence 
a voltage pulse appearing across 
R. We now plot the amplitude of 
this pulse against V for each of the 
two events as in Fig. 4, which is 
not to any particular scale.’ 

Between the origin and A, the 
pulse heights increase with V as 
more and more ions are collected 








before they can recombine. Between 
A and B, the heights are indepen- 
dent of V and are proportional to 
the initial number of ions formed. 
In this region the counter is said 
to function as an ionisation cham- 
ber, and it is apparent that the 
counter is saturated, that is, for all 
practical purposes, the whole of the 
ions initially formed are collected. 
Until B is reached there is no gas 
amplification. Above B, however, 
the field is sufficient to produce gas 
amplification, and larger pulses are 
recorded. Between B and C the 
pulse amplitudes remain _propor- 
tional to the initial number of ions, 
and a counter operating in this 
region is known as a Proportional 
Counter. The gas amplification 
factor rises steadily over the region 
BC, being of the order of 10* at C, 
and continues to rise in the region 
CD, where, however, the _ pulse 
amplitude is no longer proportional 
to the initial ionisation, rising 
more rapidly for smaller numbers 
of ions than for higher. At D, both 
initial events give output pulses of 
the same height, and this is the 
criterion for the commencement of 
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- 4. Pulse height and applied voltage 

in the of Fig. 3, taken from 
s. A. Korff: “ Electron and Nuclear Counters,”’ 
(D. Van Nostrand Company Inc, 1946) 





the Geiger region, which extends 
from D to E. Here the pulse 
height continues to rise with 
applied voltage as the gas amplifi- 
cation factor increases, but above 
E the counter goes into a con- 
tinuous discharge. Although called 
continuous, this discharge actually 
consists of a large number of 
separate and overlapping break- 
downs, in which the gas amplifica- 
tion factor may rise as high as 10." 

In this manner three types of 
counter are distinguishable: the 
Ionisation Chamber, the Propor- 
tional Counter, and the Geiger 
Counter. Each has its own sphere 
of especial usefulness, but here we 


yr: 


shall confine ourselves to the first 
and last types, which are perhaps 
in more general use than the 
Proportional Counter. 


The lonisation Chamber 


Ionisation chambers are used 
mainly for the measurement of 
X- and Y-radiation and for the 
qualitative detection of f-particles, 
and form the basis of numerous 
health monitors.” ' 

The usual arrangement of this 
class of instrument is shown in 
Fig. 5. The chamber (C) consists 
of two electrodes held at about 20- 
100 volts apart by the battery (B), 
and contains the gas, which is 
usually air at ordinary tempera- 
ture and pressure. Ions formed in 
C give rise, when collected, to an 
ionisation current (i), which, flow- 
ing through a high resistor (R), 
provides the input for the electro- 
meter circuit. (E). Indication is 
usually by a meter directly cali- 
brated in dosage, expressed in 
réntgens per hour. ‘The electro- 
meter circuits may follow conven- 
tional practice and will not be dis- 
cussed further. 

The design of the chamber may 
be pursued along the following 
lines. First, the necessary volume 
of gas must be fixed, since the 
total ionisation produced by steady 
irradiation is proportional to this 
quantity. From the circuitry to 
be used we find the maximum input 
voltage required for a full-scale 
reading of whatever intensity it is 
desired to measure. Suppose this 
turns out to be one volt for one 
réntgen per hour. We next select 
a value for the input resistor, such 
that the input time constant is not 
too high, remembering that the 
total input capacitance may well 
lie in the region 10-50 pF. Suppose 
we choose 10° ohms, so that the 
time constant will not exceed 
0.5 sec. Then the ionisation cur- 
rent required will be 10-” amp. 

Now one réntgen produces 1 e.s.u. 
of charge in 1 c.c. of air at 0° C. and 
760 mm. pressure by definition, so 
that for 1 réntgen per hour in 1 c.c. 
of air the ionisation current will be 
1/ (3600 x 3X 10°) = 9.26 x 10-“ amp. 
In general, if V is the required 
volume in c.c., Rg the radiation 
received in réntgens per hour, and 7 
the ionisation current, then 

i = 9.26 V.Rg X 10-“ amp ... (2) 
In the above case, therefore, the 
required volume will be 1080 c.c. 
In calculating the volume it is 
advisable to allow for the worst cir- 
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cuit conditions (input resistor on 
lower tolerance limit, etc.) and then 
provide a calibration control which 
reduces the sensitivity of the cir- 
cuit under better conditions. 

We have now to fix the form of a 
chamber to give the calculated 
volume, and to satisfy two other con- 
ditions, namely, to have the lowest 
practicable electrical capacitance, 
and to have an even field distribu- 
tion. The first of these conditions 
keeps down the input time-constant, 
while the latter is necessary if high 
polarising voltages are to be 
avoided. If ‘‘ pockets ”’ of low field 
are present, recombination is en- 
couraged, and is always prope 
tional to N’ as we have seen, so that 
as the incident radiation increases 
in intensity, more volts must be 























Fig. 5. Block schematic of an_ ionisation 
instr t 





applied to collect the same propor- 
tion of the ions as before. The 
effect is present in all practical 
chambers, but becomes serious, in- 
troducing non-linearity of scale, 
where the chamber shape is un- 
favourable. An example is shown 
in Fig. 6, where saturation curves 
for two chambers are reproduced. 
The three full curves are for a 
typical cylindrical chamber of some 
450 c.c. volume, the indicated in- 
tensity (% of F.S.D.) being plotted 
against the chamber voltage for 
each of the three incident intensi- 
ties shown. The dotted curve is 
for the same system, the outer 
cylindrical wall being replaced by 
one of square section so as to en- 
close the same free volume. It. is 
always wise to determine such 
curves, using an X-ray source for 
convenience, when a new design of 
chamber is constructed, so that one 
can tell at a glance whether the 


proposed polarising voltage is 
adequate for the application in 
mind. 


The most usual arrangement to 
avoid field discontinuities, as far as 
possible, uses two concentric cylin- 
ders as the electrodes. Now, for « 
point distant r from the axis of two 
such cylinders of radii re, ra, the field 
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X in terms of the applied voltage 
V is given by :— 


ieee dateaes et (3) 
Hence to enclose a given volume 
between the cylinders, making X 
as high and as linear as_ possible, 
re and ra should be made large, so 
that re > re. Against this must be 
set the considerations of total bulk 
and chamber capacity. As a guide 
to what may be acceptable in 
practice the chamber used in the 
experiment of Fig. 6 had the dimen- 
sions :— 

Collector (anode) 3.8 cm. dia x 
6.7 cm. long. 

Outer wall (cathode) 8.6 em. dia. 
x 9.2 em. long. 

Capacitance approx. 15 pF, 
assembled, with guard ring. 

Next the material for the collec- 
tor and outer wall must be chosen. 
When this material is irradiated, 
electrons are produced by _ the 
photoelectric effect and by the 
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this requirement te a good approxi- 
mation, and presspahn, S.R.B.P., 
etc., are satisfactory. Since a con- 
ducting surface is necessary, they 
must be coated with colloidal 
graphite. Alternatively, one may 
use a metal wall (e.g., brass) and 
line the inside of the outer cylinder 
and the outside of the inner one with 
presspahn. This suppresses photo- 
electrons formed in the brass, and 
acts effectively as an air wall. 
Again the inner surfaces must be 
coated with colloidal graphite, 
preferably the naphtha- or alcohol- 
based types, which do not appear to 
give rise to distortion on drying 
out. The thickness of all walls must 
be sufficient to ensure equilibrium 
between the incident radiation and 
the ejected electrons, i.e., an elec- 
tron ejected just at the outer sur- 
face must be stopped within the 
wall thickness. About 1 mm. is 
usually chosen. If very low ener- 
gies are to be measured the wall 
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Fig. 6 (left). Measured 
saturation curves for 
an toulaate io AF 
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Fig. 7 (below). Section 
showing a typical 
chamber construction 














Compton effect as outlined above. 
For y-ray energies below about 
5KeV., nearly all the electrons arise 
from the photoelectric effect, while 
above about 800 KeV., nearly all 
arise from the Compton effect. 
Since, as stated before, the P.E. 
effect is proportional to Z', and the 
C.E. is independent of Z, it follows 
that the number of electrons re- 
moved from the wall and entering 
the gas will be greater, pro rata, at 
lower radiation energies than at 
higher. Now the rintgen is defined 
in terms of ionisation in air 
(Z = 7.7), hence, if the device is to 
read roéntgens directly for all 
intensities, the solid material of the 
chamber must also have Z = 7.7. 
Many hydrocarbon materials satisfy 
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may have to be reduced to permit 
Y penetration, but the measure- 
ment of extreme ranges is outside 
the scope of this article. 


Detection of 4-particles 


B-particles cannot be measured 
quantitatively by the Jlonisation 
Chamber unless the type and 
geometry of the source are known, 
but they may be detected qualita- 
tively by allowing them to enter 
the chamber by a thin window. This 
may be of wire gauze dipped in a 
solution of distrene and allowed to 
dry, thus giving a film of distrene 
a few mils. thick, and coated thinly 
on the inner surface with colloidal 
graphite. The window is made to 
form part of the outer wall, and 
should be arranged so that the solid 
angle for the entry of #-particles 
from an external point source into 
the free volume of the chamber is 
as large as possible. When not in 
use the window may be covered 
externally by a metal flap so that 
Y measurements may be made in the 
presence of 8 background if desired. 
The gauze used may be of mesh 
between 40 and 80 per square inch, 
and the wire of which it is made 
should be as thin as possible, to 
avoid undue absorption of the 
B-particles by the metal. 


The Guard-ring ang Insulator 


In Fig. 7 is shown a diagram- 
matic representation of a complete 
chamber. The collector electrode 
(C) is supported on the main insu- 
lator (I), which in turn is fixed to 
the guard-ring (G@). This carries a 
flange (F) on which the outer wall 
(W) is supported via an insulator 
of paxolin (P). Regarding the 
main insulator, a resistance three 
orders higher than the input 
resistor used, or in any case not less 
than 10“ ohms, should be aimed at. 
Volume resistivity is seldom 
troublesome, but the surface must 
be lyophobic and perfectly smooth 
and free from machining marks. 
Moulded polystyrene’ or __ poly- 
ethylene are frequently used, but 
glass should be avoided unless sili- 
cone treated; even then it is not 
completely trustworthy. The in- 
sulator must not be handled; it may 
be cleaned in pure methyl- or ethyl 
alcohol (A.R.), after which it must 
be dried thoroughly before use, 
since the alcohols are slightly con- 
ducting. 

The guard-ring avoids the appear- 
ance of the supply voltage across the 
main insulator, prevents the col- 
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Fig. 8. Connexions to the chamber of Fig. 7 
lector from ‘‘ seeing ’’ any random 
potentials outside the chamber, 
and also prevents the deposition of 
ions on the insulator, which should 
not be able to ‘‘ see’’ any part of 
the outer wall. The chief practical 
difficulty is tc make the guard-ring 
effective without too much increase 
in chamber capacitance, but the 
design is, fortunately, not over- 
critical and there is seldom much 
trouble involved in meeting the 
requirements. Fig. 8 shows the 
connexions to the chamber and 
guard-ring as used with an electro- 
meter (V). 

Since quite small changes in the 
capacitance of the system produce 
appreciable input voltage changes 
in the amplifier, most ionisation 
chambers tend to be micropbonic. 
Their construction must therefore 
be made rigid, and, if necessary, 
they may be elastically mounted 
together with the _ electrometer 
valve and input resistor. Often the 
latter may be conveniently mounted 
inside the collector, as in Fig. 7, 
while some of the smaller electro- 
meters can be stowed inside the 
guard-ring or an extension provided 
thereon for the purpose. 


Geiger Counters 


We now pass on to counters 
operating in the Geiger region DE 
of Fig. 4. In this type we are in- 
terested in counting the output 
voltage pulses due to the arrival 
in the counter of individual 
particles, and the operation is quite 
different from that of the ionisation 
chamber. The _ construction is, 
again, normally concentric, but 
the central cylinder is made of wire 
of the smallest practical diameter 
in order to make the field intensity 
as high as possible near the wire. 
The gas filling may be one of two 
types which give vastly different 
characteristics to the counter, and 
these will be considered separately. 
The first type is a simple gas at 
about 10 cm. Hg. pressure (Argon 
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is a common choice), giving what 
is known as an externally quenched, 
or non-self-quenched counter. 


The non-self-quenched counter 


The anode is connected via a 
resistance to a source of D.c. of 
about 1-2 KV. Let us now see what 
happens when an initial ionising 
event occurs in the counter due to 
the arrival of a particle. A free 
electron liberated by this event is 
accelerated toward the anode. The 
operating conditions in _ these 
counters are such that the electron 
acquires enough energy to produce 
further ionisation when in the high 
field region near the wire, and here 
an avalanche is formed in the 
manner previously described. Not 
all the ionisation produced arises 
directly, some is the result of in- 
direct processes. For example, 
while yet some distance from the 
wire, an electron may gain enough 
energy to excite, but not ionise, a 
gas atom. This atom shortly re- 
turns to the ground state, emitting 
a photon, which may give rise to a 
photo-electron on interaction with 
the cathode wall. This electron 
now produces further ionisation, 
and so on. Since most of the 
ionisation occurs near the anode, 
the electrons, with their high 
mobility, are rapidly collected, 
leaving a positive ion sheath around 
the anode. The positive ions move 
out more slowly toward the 
cathode, and this action is equiva- 
lent to a steady increase in the 
effective diameter of the anode, as 
a result of which the field intensity, 
given by Equation 8, falls off until 
it can no longer support the forma- 
tion of further avalanches, and the 
discharge ceases. The ions are 
then collected, in a time of the order 
of 10-* sec., while the separation of 
charge is recorded as a voltage pulse 
across the series resistor. 























Fig. 9. Form of Geiger counter output pulse 


This pulse is of the form shown in 
Fig. 9; a sharp fall in potential 
followed by an exponential rise 
governed by the capacitance of the 
system and the series resistance. 

As the positive ions closely 
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approach the cathode surface, the 
work function of the latter is over- 
come by the intense field, and 
electrons are emitted.” These 
neutralise the ions, but, since the 
ionisation potential of the simple 
gas atom normally exceeds the 
cathode work function, the neutral 
atom formed possesses the difference 
energy, i.e., it is excited. On 
return to the ground state a photon 
is emitted: this may produce a 
photoelectron from the gas or the 
cathode, which in turn may start a 
fresh discharge if the counter 
voltage has returned to normal. To 
prevent this we must use what is 
described as an external quenching 
device. The two principle devices 
used are, first, a multivibrator cir- 
cuit which reduces the counter 
potential by several hundred volts 
after each pulse, and secondly, a 
very high series resistor (10°—10" 
ohms) so that the ouiput pulse itself 
provides the required drop in 
potential. In any case, the poten- 
tial must be kept down until all the 
ions are completely collected and 
the counter is again stable. 

This means that the _non-self- 
quenched counter is unsuitable for 
high counting speeds, and cannot 
distinguish between the _ closely 
spaced arrival of particles even if 
these are only infrequent events, 
or, in other words, it has poor 
resolution. 

An improvement in this respect 
results from the use of the self- 


quenched counter, whose action 
will be described next. 
The Self-quenched Counter 

This second type of Geiger 


Counter is obtained by adding to 
the simple gas used in the first type 
above about 10 per cent of a poly- 
atomic vapour, nearly always 
organic, for example ethyl alcohol. 
The molecules of such a vapour 
exhibit, in addition to the electronic 
excitation levels already described, 
a series of other energy levels due 
to quantised increases in the energy 
of vibration and rotation of the 
molecules. With each electronic 
energy level is associated a series 
of vibrational levels, and with each 
of the latter is associated a series of 
rotational levels. This property 
causes a modification of the counter 
action. First, during the avalanche 
few photoelectrons are formed as in 
the non-self-quenched type, since 
photons emitted from the simple 
gas (often called the vehicular gas) 
are readily absorbed by the complex 
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molecules, which are thereby ex- 
cited to higher vibrational and rota- 
tional levels. The probable time for 
which a complex molecule remains 
excited is large compared with the 
probable time which elapses before 
it dissociates into fragments, dissi- 
pating in‘ kinetic energy the energy 
of excitation, so that few photons 
arrive at the cathode. These will 
be negligible if the photoelectric 
efficiency of the cathode is low, 
which is desirable. The discharge 
is formed near the anode as before, 
and shows little tendency to spread 
radially, since few photoelectrons 
are formed outside the positive ion 
sheath; instead, it spreads laterally 
until stopped by field discon- 
tinuities, usually at the counter 
ends. The field is reduced as before 
by the ion sheath, and the discharge 
stops. As the sheath moves out 
toward the cathode, there is a 
transfer of charge from the simple 
gas ions to the complex molecules, 
as the result of collisions, since the 
latter have the lower ionisation 
potentials (See Table 1). This low 
ionisation potential is one of the 
criteria for the quenching gas. By 
the time the cathode is reached, 
practically all the charge resides on 
complex ions only. Once more elec- 
trons are drawn out of the wall and 
neutralise the complex ions to form 
excited neutral atoms. As _ indi- 
cated above, these in general disso- 
ciate before they are de-excited, so 
that there is no photon emission 
and no photoelectrons are formed. 
Consequently, there are no spurious 
avalanches, and the voltage may be 
reapplied to the counter as soon as 
the discharge is over. From the 
instant of breakdown to the time 
when the ion sheath is far enough 
away from the anode for the field 
near the wire to have _ reached 
operating condition again there 
elapses about 10-* sec., during 
which time a particle entering can- 
not initiate a count. This interval 
is the ‘‘ dead-time ”’ for the counter, 
and is not a reliably fixed quantity, 
so that the usual procedure again 
is to use some external circuit to 
shut down the counter for a slightly 
longer, but accurately known, 
time, thus fixing one important 
experimental condition. 

After the dead-time another 10-‘ 
sec. (approx.) elapses before all the 
ions are collected. During this 
period an entering particle gives a 
smaller pulse than normai. The 
sorting out of such pulses is done 
when desired by the use of ampli- 
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tude discriminators in the counting 
device (scaler) which usually 
follows the Geiger counter. 

In actual practice the quenching 
obtained by the use of the complex 
gas is not perfect, and spurious 
counts are of the order of a few 
per cent.’ 

Effect of Negative lons 


If the counter contains a gas 
which readily forms negative ions 
(eg., oxygen), these will be 
accelerated toward the anode. How- 
ever, their mobilities are of the same 
order as those of the positive ions, 
so that they are likely to arrive near 
the anode wire after the main count 
has taken place and after the dead- 
time has elapsed. In the high field 
region they may then acquire 
enough energy to start a new 
avalanche, or may deionise, an elec- 
tron thus liberated then provoking 
a fresh discharge, which will be 
registered as a spurious count. Any 
gas with a high electron affinity 
should therefore be excluded from 
these counters. This applies to air, 
on account of its oxygen content. 
Voltage Characteristics of Geiger 
‘ Counters 

If a Geiger counter is subjected 
to a constant irradiation while the 
voltage across it is slowly raised, 
this voltage being plotted against 
the number of counts recorded in 
unit time, one obtains a curve of the 
type shown in Fig. 10. It will be 
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Fig. 10. Voltage characteristic of a Geiger 


counter 


seen that over a wide range of volt- 
age above V:, the starting potential, 
there is a ‘‘ plateau’’ where the 
number of counts is almost constant. 
The reason for the existence of the 
plateau, expressed in general terms, 
is that, over this range of applied 
voltage, every pulse depresses the 
counter field below threshold, so 
ensuring cessation of discharge and 
correct counting. The length of the 
plateau is thus a function of pulse 
size, and gases with high specific 
ionisations such as Hydrogen and 
Argon will give longer plateaux than 
gases of low specific ionisation under 
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the same conditions. ‘The specific 
ionisation of a gas is the number of 
ion-pairs produced per cm. length of 
track by the particle in question in 
traversing the gas at 1 atmosphere 
pressure. Hence, for a_ particle 
traversing x2 cms, of gas at pres- 
sure p, the specific ionisation of the 
gas being i, the total number of ion- 
airs produced will be aip. It 
ollows that increasing the gas pres- 
sure will also lengthen the plateau, 
but this unfortunately raises the 
starting potential, the latter being 
proportional, to a first approxima- 
tion, to p. 

By a suitable choice of quenching 
gas the plateau may be made flat 
as well as of reasonable length, and 
a frequent choice for the gas mix- 
ture is ethyl alcohol (about 10 per 
cent) and Argon at 10 cm. pressure 
or thereabouts. 

Output and Life of Geiger Counter 

The existence of a plateau region 
means that the counter can be 
operated with an output pulse 
height independent of the initial 
ionisation, and also that the pulse 
height will not vary with small 
changes in applied voltage, so that 
supply stabilisation is not impossibly 
critical. A supply constant to + 
1 per cent is sufficient for most pur- 

oses. The output pulse will usually 
ie in the region of 1-100V, and is 
made large by increasing the applied 
voltage as far as the plateau allows, 
and by reducing the capacitance of 
the counter, plus any assuciated cir- 
cuits. 

It is not usual to employ the 
first alternative, however, since the 
life of a counter is a function of 
the applied voltage. The reason is 
that in every discharge a number of 
complex quenching molecules are 
dissociated and this number rises 
with applied voltage. In many 
cases the complex molecules are 
chosen so that the fragments are 
themselves effective as quenching 
agents, but eventually the counter 
becomes useless as these in turn are 
broken down.”" The number of 
counts to be expected before this 
happens is of the order of 10°—10’, 
according to the nature and amount 
of the quenching gas. The usual 
operating point is round about D: in 
Fig. 10. 

Thanks are due to Messrs. E. K. 
Cole Ltd. (Electronics Division) for 
permission to publish this article. 

Appendix 


We require to find the _ total 
energy (kinetic plus potential) of 
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the electron in the Hydrogen atom, 
assuming circular orbits and quan- 
tised angular momentum. 


Symbols Used 
c Velocity of light. 
e Electronic charge. 
m Mass of electron. 
h Planck’s constant. 
X Wavelength of emitted photon. 
vy Frequency of emitted photon. 
n Positive integer—the principal 
quantum number. 
r Radius of orbit. 
® Angular velocity of electron. 
Z Atomic number. 
For each quantised energy state 
we have :— 


h . 
ee ee 1 
m om (1) 
The kinetic energy of the electron 


is:— 
Re BIS WY | cic (2) 
Equating the electrostatic force of 





attraction, given by Coulomb's 
Law, and the centrifugal force :— 

Ze* 2 2 

; Se IIS © si ccddecetotnedcccscss (8 


J 
Combining (1), (2) and (3), 
eliminating © and r:— 


Ze'm 
B= = 
wh 
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TABLE | 
First 
lonisation | Excitation 
Potential Potential 
(volts) (volts) 
Acetone ... 10.1 ae 
Ammonia 10.5 — 
Argon ... Pa 15.7 11.6 
Carbon Dioxide 14.4 — 
Ethyl Alcohol 11.3 — 
Helium ... 24.5 20.5 
Hydrogen 
(Atomic) sii 13.5 10.2 
Hydrogen (Gas) 15.4 11.5 
Methane ... aes 14.4 _ 
Neon 21.5 16.6 
Nitrogen 15.5 6.1 
Oxygen ... 12.5 6.0 
Some typical ionisation and itation 





potentials. 


The_figures are taken from S. C. Brown: 
** Nucleonics ”’ 2, No. 6, 10 June, 1948. 


The potential energy of the elec- 
tron is given by :— 


i gem 
r o 
= -—m"y [from (3)] 
= —2ihx 
Therefore the — energy E 
(= Ey + Ek) = - 
= a 
a sss snnne -oses 4 
nh? ( ) 


For a transition from an orbit in 
which n = na to a second in which 
n =m, we have for the energy of 
the emitted photon :— 

hv = AE 
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_ 27°Zetm (11 
7 h? nm ns] 


2vZe'm (1_ i 
h'c nm ne 


Evaluating (4) for the ground 
state of the hydrogen atom leads to 
a value of 13.6 eV. for the total 
energy. Thus the ionisation poten- 
tial is 18.6 volts, which is in good 
agreement with the experimental 
value of 18.5 volts. 


orl/A=?/c= 
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H.T. SUPPLY FOR TELE- 
VISION RECEIVERS 


By C. H. BANTHORPE * 


i many television receivers, the 
H.T. supply must provide approxi- 
mately 230 volts for vision and 
sound valves, and up to 330 vilts 
for time bases and anode 1 of the 
C.R.T., if a tetrode. 

These voltages can be produced in 
a number of ways, but one used by 
the writer is economical, kind to 
components, and has no H.T. mains 








* Central Equipment, Ltd. 


transformer, and can thus be used 
in compact equipment without mag- 
netic fields, which might be a source 
of trouble. 

To get the higher voltages with- 
out a step-up transformer requires 
some form of voltage doubler, and 
the type chosen has __ several 
advantages and one disadvantage. 
Firstly, the lower voltage, at high 
current, can be obtained without 
wasteful voltage dropping in resis- 
tors, which dissipate many watts of 
heat; always a nuisance in compact 
equipment. The second advantage 
is that the voltage across any elec- 
trolytic can never exceed the peak 
voltage of the mains, approximately 
















































4k SK 

330v US co a 
CONTROL 7s veins 
doubler circuit 
if A552 gives transformer- 
24uF FOCUS COIL SOmF MAINS less H.T. for 
sound and vision 
en i and 

| a’ SUSU oO time bases 
230v +L + 
1OQuF = SOF 
i 
__=CHASSIS 








825 volts, instead of the 500 volts or 
so from a 350 volt supply, and this 
allows higher value capacitors to be 
used for a given price, or cheaper 
capacitors for a given capacitance. 
The third advantage is that the 

c. through the choke is that of 
the 230 volt line only, and therefore 
for a given price, more inductance 
can be obtained, or for a given in- 
ductance, a cheaper component can 
be made. 

A disadvantage of a transformer- 
less set is that the mains are con- 
nected to the receiver. chassis and 
safety precautions must be taken to 
prevent shocks. In this supply 
neither side is directly joined to the 
mains, but the same _ precautions 
must be taken. The circuit shows 
one such circuit used successfully in 
production. The capacitors are con- 
tained in two cans and are made by 
B.E.C. One is a 50-50-100 #F 275 V 
wkg., C.E.15620, and the other is a 
24 uF 275 V wkg., C.E.15621. As the 
330 V line feeds anodes only, the 
current through the focus coil is 
partially stabilised and variations 
due to temperature changes of the 
coil are not troublesome. 
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Television in Birmingham 


(Many readers of Electronic Engineering will be aware of the recent demonstration of Television Signals 
in Birmingham on Nov. 3,1949, by means of the Radio Relay Link between Museum Telephone Exchange, 
London and Telephone House, Birmingham. 

The following is a brief description, with illustrations, of the Relay Link based on information supplied 
by the General Electric Co. Ltd., who designed, manufactured and installed the system to Post Office 


specifications. ) 


HE London-Birmingham Radio 

Television Link marks a great 
advance in television transmission 
technique, and places Britain right 
in the fore-front of television develop- 
ment. Indeed, it can now be fairly 
claimed that nowhere else in the 
world does there exist a television 
relay system so ___ technically 
advanced for continuous public 
service. The many new inventions 
embodied in the Link and the in- 
valuable information gained during 
its construction will be of the 
greatest value in designing radio 
links for other telecommunication 
projects, such as multi-channel tele- 
phone, teleprinter and picture tele- 
graph systems. Even greater pos- 
sibilities can be envisaged in their 
use in establishing communications 
over desert country, river crossings 
and even in jungle country, where 
the nature of the terrain renders 
virtually impossible the use of more 
normal modes of communication. 


The Link is suitable for the trans- 
mission of 105 line, 50 frames/ 
second, television signals of the 
waveform transmitted at present by 
the B.B.C. from Alexandra Palace 
and to be transmitted from Sutton 
Coldfield. The contract issued by 
the Post Office in May, 1947, was 
for the interconnexion of London 
and Birmingham, but required that 
the system-‘should be so designed 
that it could be extended up to 400 
miles. 


When completed, the radio-tele- 
vision Link will provide for simul- 
taneous two-way transmission of 
television signals between the two 
cities. At the present stage a 
reversible link is installed, so that 
transmission in either direction can 
be obtained as desired. This re- 
versible service has been provided 
with just over 60 per cent of the 
complete radio equipment and with- 
out the erection of the final special 
repeater-station towers. The aerials 
are erected on temporary masts and 
the equipment is installed in the 


buildings at the foot of the masts. 
For the two-way link the radio 
equipment will be _ installed in 
special cabins at the tops of the 
repeater station towers. The presenti 
reversible system uses two fre- 
quencies of transmission: 870 and 
890 Mc/s. A station, which receives 
on 870 Mc/s. transmits on 890 
Mc/s. and vice versa. These two 
frequencies are used for either direc- 
tion of transmission with the re- 
versible link and will eventually be 
used for one direction of the two- 
way link, 917 and 937 Mc/s, being 
used in similar fashion for the other 
direction. 


The use of these frequencies 
necessitates optical paths between 
transmitters and receivers for satis- 
factory and consistent performance. 
It has therefore been necessary to use 
repeater stations at Harrow, Dun- 
stable, Blackdown and Rowley 
Regis. 

The television signal is trans- 
mitted over the television link by 
frequency-modulation of the 900 
Mc/s. carrier; this being achieved 
at a terminal station in two steps. 
The vision-frequency signal is used 
to frequency-modulate an oscillator 
between 82.5 and 35.5 Mc/s. and 
the modulated oscillation is ampli- 
fied and applied, together with the 
output of a 900 Mc/s. ‘generating 
chain, to the final stage of the 
transmitter. In this stage, fre- 
quencies are produced which differ 
from that of the r.F. generating 
chain by amounts equal to the fre- 
quency of the modulated oscilla- 
tion. Both these signals, the fre- 
quency of one of which is above, 
and the other below, that of the 
R.F. generating chain, are _ fre- 
quency-modulated by the vision- 
frequency signal to the same extent 
as was the original 34 Mc/s. oscilla- 
tor. One of these frequency- 
modulated carriers is selected by 
filters and is the signal transmitted. 


At a repeater station, the re- 
ceived signal is heterodyned by a 


local oscillator to give a difference 
frequency of 34 Mc/s. This 1.F. 
signal is amplified, and the trans- 
mission process is repeated. The 
transmitted signal is not demodu- 
lated to vision-frequency until the 
receiving terminal is reached. By 
the use of this system the difficulties 
of amplifier design and operation at 
low vision frequencies are avoided. 


The transmitting frequency at a 
repeater station cannot be the same 
as the receiving frequency, since the 
receiver would then receive power 
from the local transmitter as well 
as from the previous station. For 
this reason the frequency of the 
receiver local oscillator cannot be 
the same as that of the transmitter 
master-oscillator. Therefore, at a 
repeater station the local oscillator 
frequency is derived from part of 
the transmitter master-oscillator 
output by heterodyning it with the 
output of a crystal controlled oscil- 
lator whose frequency is equal to 
the difference between the received 
and transmitted frequencies. By 
arranging that the local and master 
oscillator frequencies are each 
above, or each below, the received 
and transmitted frequencies respec- 
tively the transmitted frequency is 
made independent of the drift of the 
station master oscillator and _ is 
affected only by the small drift of 
the crystal controlled oscillator. 
Since only two frequencies are used 
for one channel the shift frequency 
is the same at all repeater stations, 
and is alternately added to or 
subtracted from the station master 
oscillator frequency. 


The power transmitted from each 
station is of the order of 10 watts, 
and the received power for free 
space propagation over a 40-mile 
path is just over a microwatt. Thus 
the gain of a repeater station is 
70 db. 


_ The vision-frequency signal is fed 
into the terminal modulator from 
Post Office equipment via a coaxial 
cable. The output of the terminal 
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Terminal and Repeater 





Fig. 1.—Exterior view of 
Dunstable repeater station, 
showing aerial arrays erected 
on a temporary mast. The 
buildings at the foot of the 
tower house the standby 
generator equipment, the 
transmitter-receiver power 
and monitoring equipment. 









Fig. 2.—The terminal aerial ' 
. array at Telephone House, 

Birmingham. From Tele- 
phone House the vision signals 
are carried by coaxial cable 
to the B.B.C.’s transmitter at 
Sutton Coldfield 








Fig. 3.—Model of a final 
repeater station, showing 
special cabin at the top of the 
mast to house the transmitter- 
receiver and equipment in the 
final simultaneous two-way 
transmission project. 





Fig. 4.—The terminal aerial 
array at Museum Exchange, | 
London. 
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Television Link 










Station Equipment 


















Fig. 5.—Equipment building at 
Blackdown repeater station, 
showing contactless R.F. 
switch mounted on the side of 
the receiver with resonant 
cavity filters above. 


Fig. 6.—Exterior of trans- 
mitter cabinets, showing 
alternative transmitters. 


Fig. 7.—Interior view of 
receivers. 


Fig. 8.—Typical R.F. trans- 
mitter amplifier, using an 
ACT 25 valve. 








modulator is a frequency-modulated 
34 Mc/s. signal which is applied to 
the terminal transmitter, and the 
R.F. output of the transmitter is 
taken through output filters and an 
output monitor to the transmitting 
aerial. This consists of a paraboloid 
reflector formed from _light-alloy 
tubes and energised by a coaxial- 
line fed dipole and parasitic reflec- 
tor. The full diameter of the para- 
boloid is 14 ft., but its horizontal 
aperture has been cut to 10 ft. with 
very little loss of gain (since hori- 
zontal polarisation is used). The 
gain of the aerial is 27.5 db. with 
reference to that of a half-wave di- 
pole. Coaxial cables are used 
throughout as feeders for the 900 
Mc/s. energy. 


Duplicate signal channel equip- 
ment and power units with change- 
over switching are provided to 
maintain the operation of the link 
in the event of a failure in the work- 
ing equipment. The equipment 
which is not in use is kept warmed- 
up in a standby condition, so that 
it is ready for immediate operation. 
The aerial system and transmitter 
output filters are not duplicated, 
and therefore a_ radio-frequency 
switch is provided in the feeder 
between the transmitter and its out- 
put filters. 


Changeover switching between 
the power units and the signal chan- 
nel equipment is so arranged that 
each channel equipment can be con- 
nected to either power unit. 


At repeater stations, the R.F. in- 
put from the receiving aerial is fed 
through the receiver input filter and 
an R.F. switch to the selected re- 
ceiver. The transmitter feeder 
arrangement is the same as at a 
terminal transmitting station. 
Duplicate equipment is provided as 
at a terminal station, the receiver 
and transmitter being considered for 
switching as one unit. At a ter- 
minal receiving station, the feeder 
arrangement is the same as for the 
receiver at a repeater station. 


Control and monitoring equip- 
ment is provided at each station by 
which all the normal operations for 
that station can be carried out. All 
the radio stations and the control 
points are linked by a control tele- 
phone which has selective ringing 
but a common speech channel for 
all the stations. 

In addition to the main signal 
channel equipment, comprehensive 
test equipment is being supplied 
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for the assessment of the overall 
vision-frequency response of the 
complete system from terminal to 
terminal. In addition, a monitor for 
the transmitted picture and wave- 
form is being supplied for each con- 
trol point, each radio terminal and 
each repeater station. Special radio- 
frequency testing equipment is also 
being provided for each radio 
station. 


The system makes use of a range 
of advanced techniques in valve and 
circuit design, and the radio fre- 

uency equipment is based upon 

isk-seal triodes type DET 24 and 
act 25 which are used in coaxial- 
line circuit equipment. Such cir- 
cuits are markedly different from 
circuits performing similar func- 
tions at lower frequencies, Each 
tuned circuit is essentially a length 
of coaxial transmission line, and a 
particular feature of the circuits 
used in the Television Link is that 
they have been designed for reli- 
able and stable operation over long 
periods by elimination of sliding 
contacts and by robust. construction. 


The transmitter consists of a 
master oscillator (prt 24) stage, 
a first R.F. amplifier (DET 24) 
stage, a second R.F. amplifier (act 
25) stage and a modulated (act 
25) or frequency-changer stage. 
In addition, there is a (DET 24) 
frequency-shifter stage for the deri- 
vation of local-oscillator power, to- 
gether with its associated 20 Mc/s. 
crystal-controlled —_ shift-frequency 
generator. The transmitter is de- 
signed for normal operation at full 
output with a drive of 4 volts peak- 
to-peak of intermediate-frequency 
signal. This 1.F. signal is amplified 
to a level sufficient fully to modulate 
the end stage of the transmitter in 
a wide-band amplifier using a1820 
and KT67 valves. 


The receiver uses a silicon crystal 
as frequency-changer, local oscilla- 
tor power being fed from the trans- 
mitter via a filter consisting of two 
cavity resonators, which removes 
unwanted components generated in 
the frequency-shifter. The receiver 
1.F. amplifier consists of two stages 
each using a pair of £1714 low-noise 
triodes, followed by three auto- 
matic gain-controlled stages each 
using a pair of 277 pentodes, and a 
further two stages each using a pair 
of z77 valves, the output stage 
being a cathode-follower consisting 
of a pair of Osram valves. 
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The radio-frequency filters used 
in the system are of two main types, 
i.e., band-pass filters comprising 
pairs of coupled resonant cavities, 
and special band elimination filters, 
which are based on the properties 
of multiple resonant lengths of 
transmission lines. Similar resonant 
line principles are made use of in 
the contactless r.F. switch, which is 
used for switching over to standby 
receivers and transmitters. 


For the reversible link which is 
now being operated, only two aerials 
are provided at each _ repeater 
station, and since the transmitter 
and receiver are both connected to 
each aerial, there is a physical path 
from transmitter to receiver. The 
change of direction of transmission 
is produced by the operation of 
further contactless-switches, and 
the receiver is protected from sig- 
nals from the transmitter by the 
combination of line and _ cavity 
filters. 


In conclusion, it is worthwhile to 
record the history of the system. 
The Post Office specification was 
issued in November, 1946, and 
extensive field-trials to prove the 
practicability of the system were 
carried out by a _ small research 
team from the G.E.C. Research 
Laboratories during December, 
1946, and January, 1947, at the 
depth of the most severe winter for 
many years. The building up of 
the team at the Wembley Research 
Laboratories began immediately, 
and the design of the system was 
commenced. Just over a year later, 
in June, 1948, a successful demon- 
stration was given of transmission 
of 405-line television signals, using 
apparatus typical of that which had 
been developed. This followed 
upon the conclusion of extensive 
field-testing of the route which had 
been finally chosen. The next year 
was devoted to the elimination of 
teething troubles and to the 
engineering of the equipment. The 
first transmission of television sig- 
nals took place on August 31, 1949, 
from a temporary terminal station 
at the Wembley Research Labora- 
tories, through Harrow Weald, 
Dunstable, Blackdown and Turners 
Hill Repeater Stations to the Tele- 
phone House Terminal Station at 
Birmingham. This transmission in- 
cluded pictures broadcast by the 
B.B.C. from Alexandra Palace and 
received at Wembley for relayinz 
through the Link. 
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Hammond Spinet 


A New Electrical 
Musical Instrument 


By ALAN DOUGLAS 


Eigen. Hammond organ and its 
electro-mechanical tone genera- 
ting system is well known in this 
country. Since the end of the war, 
a number of improvements have 
been made to this instrument, but 
so far the exchange position has 
prevented their importation. 
Recently the Hammond _Instru- 
ment Company has introduced a 
simplified organesque type of 
instrument for use in the home. 
There are many ingenious features 
in the design. 

The appearance of the console is 
shown above. It will be seen that 
there are two manuals, each of 3} 
octaves compass, which overlap. 
There is also a series of 12 pedal 
keys, permanently attached to the 
instrument. One set of harmonic 
drawbars_ controlling eight har- 
monics provides a variable tonal set- 
up for the lower manual, while one 
set of nine drawbars supplies the 
upper manual. In this organ, 
harmonics up to the 12th are con- 
trolled by the drawbars. A single 
drawbar regulates the volume of 
the pedals, which are of 16 ft. pitch 
only. Fig. 1 shows the controls. 

One of the major criticisms of 
previous Hammond instruments was 
the abrupt attack and decay of the 
sound. This feature is still evident 
on the manuals, though it can be 
prevented by correct fingering. The 
pedal department in this instru- 
ment has, however, a number of 
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controls by which the rate of attack 
and decay can be varied. 

In previous instruments, the 
vibrato or tremulant effect was pro- 
duced by a rotating interrupter, 
which varied the volume but not the 
pitch, This is not comparable with 
the effect from a pipe organ, in 
which both the frequency and 
volume are modulated. 

In the Spinet model, there is a 
phase shift network which alters the 
frequency in a continuous fashion. 
By means of an ingenious circuit 
fixed phase differences may also be 
produced for ‘various applied fre- 
quencies; so that an added subtlety 
of tone can be obtained by proper 
manipulation. This device replaces 
the chorus generator on all models. 

The amplifying and loudspeaking 
equipment is contained in the con- 
sole, so that the entire system is 
portable and of very small size. 
The name of the instrument is 
derived from a type of piano very 
popular in the U.S.A., known as a 
spinet; it is intermediate in size 
between a minipiano and a small 
upright piano. 

The generating system of this 
organ employs 86 rotating iron 
wheels, as against 91 in the stan- 
dard organs. Of these, the lowest 
12 are used for the pedals only, and 
have a special contour which gener- 
ates a pre-formed wave. There is no 
harmonic mixing from these wheels. 
The manual generators run from 





18 to 91; thus 13 to 17 are omitted. 
This range covers from F = 87.307 
c/s to B = 5919.9 c/s, there being, 
in effect, an extended F octave in 
the bass of the lower manual and 
an extended C octave in the treble 
of the upper manual. 

Most of the generators have a 
tuned filter across their outputs, 
this now being a series resonant 
transformer in place of the centre- 
tapped choke previously used. The 
manual generators have the familiar 
contour designed to produce a 
sinuisoidal wave as nearly as pos- 
sible. 

Each manual playing key closes 
the usual set of eight or nine con- 
tacts, thus introducing the full 
series of generators to the mixing 
controls, but the pedal department 
is interesting. Only one pedal key 
at a time may be depressed. Fig. 2 
shows the pedal amplifier. When a 
key is operated, a contact selects 
the correct generator and couples 
it to the grid of V7. This valve is, 
however, biased to cut-off. Later in 
the movement of the | pedal, a 

“* pedal keying contact ’? (common 
to all pedals) closes. This discharges 
C50 and allows the note to sound. 

If the pedal attack control is at 
‘‘normal,”” a single resistor dis- 
charges C50; this allows a rapid 
attack. If the control is at ‘‘ slow,” 
an additional resistor R45 is intro- 
duced, so that the — in speak- 
ing is increased. 
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Fig. |. Drawbars 
and control 
tablets 








Now when a pedal key is released, 
the keying contact opens, and this 
allows cut-off bias to be applied to 
V7. With the ‘ decay ’”’ control at 
‘* fast,”? R52 charges C50 in a, short 
time. When set at “ normal,’ 
additional resistance still further 
increases the charging time. There 
is a sustaining control on the 
expression pedal, and if this is used, 
still further resistance is introduced, 
so that the note sounds for quite a 
long time. 

To prevent a pedal note from 
sounding when the organ is first 
switched on, a resistor in series with 
the heater of V7 delays the warming- 
up period until bias has been applied 
to this vaive. 

The foregoing amplifier is, of 
course, a pre-amplifier before ‘the 
main section. The volume of the 
pedal amplifier is adjusted (by the 
drawbar) by altering the capaci- 
tance of a small variable capacitor. 
It will be recalled that this method 
is used to control the volume of the 
** Novachord,”’ also a Hammond 
product. 

To turn now to the other novel 
feature. The comparatively limited 
tonal resources of the instrument at 
any one time suggest that an effec- 
tive vibrato would enhance its 
appeal. The Hammond vibrato is a 
frequency shifting device consist- 
ing of a number of low-pass filter 
sections in series, with a capacitance 
scanner which is applied continu- 
ously up and down the line by means 
of a rotating capacitor. 

Waves fed into the line are re- 
tarded in phase in each section of 
the lime, the amount per section 
being proportional to frequency. As 
the scanner travels along the line, 
it alternatively raises and lowers 
the output frequency, the average 


remaining equal to the input fre- 
quency. There are 16 sets of 
stationary plates on the scanner and 
one rotating set, which meshes with 
each stationary set once in each 
revolution. 

The depth of the vibrato can be 
controlled by causing only parts of 
the line network to be scanned; the 
smaller the number of sections con- 
nected, the smaller the degree of 
vibrato. An ingenious arrangement 
allows part of the generator signals 
to be passed through the line delay, 
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and part directly to the amplifier; 
this gives a certain degree of rich- 
ness to the sound, producing a 
chorus effect. 

The vibrato is turned off by 
placing a very high resistance in 
series with the line. Practically all 
the signal appears across this resis- 
tor and the vibrato effect is 
eliminated, 

A simplified circuit diagram, in 
which all the foregoing elements can 
be seen, is shown in Fig. 3 opposite. 
It will be noted that the smoothing of 
the power supply is economically 
carried out; to assist in reducing 
hum due to heater emission, the 
centre tap of the amplifier heater 
transformer winding is connected to 
a positive potential. 

The author was able to play this 
instrument on several occasions 
when in. the U.S.A. recently, and 
found it most interesting and 
colourful. Although reduced to the 
bare minimum from a design point 
of view, it is tonally much superior 
to the original Hammond organs. 
It is not suitable for normal organ 
replacement, as registration is slow 
owing to the absence of »vre-set 
tone-colours. 


Fig. 2. Pedal amplifier using 6BA6 valve for V7 position 
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Obstacle Detection 


Using Ultrasonic 
Waves in Air 


By G. BRADFIELD * 


Fy VERYONE is familiar with the 
delayed returned sound wave, 
the echo. Its presence is readily 
apparent when the travel time of the 
sound wave between transmission 
and reception by the ear is about 
1/10th second, corresponding to a 
total distance of 100 ft. or more, but, 
with practice, aural perception of an 
echo is possible for much shorter 
times and distances. Clearly elec- 
tronic equipment could be devised 
which would surpass the ear when 
reception and demonstration of such 
short time intervals are of interest. 
These considerations lead to the 
possibility of an obstacle detector 
using airborne waves. Warning of 
the close proximity of obstacles is 
of first importance to the user of any 
obstacle detector, but directivity in 
such a device is also essential. The 
ear and-conveniently sized sound 
sources are not very good for direc- 
tivity until the pitch of the sound 
becomes quite high. The use of 
audible waves for obstacle detection, 
however, has two serious disadvan- 
tages. Firstly, they may be masked 
by the common noises of our sur- 
roundings and, secondly, audible 
signals may themselves be obtrusive 
and disturbing. These two disadvan- 
tages are at once eliminated if ultra- 
sonic frequencies are used and these 
bring, furthermore, the positive 
advantage that ample directivity is 
readily achieved by their use. 

It is only fair to point out that 
various attempts have been made in 
the U.S.A. and in this country to 
use ultrasonic guiding devices, but 
so far without much success. Few 
data have been published on which 
to judge of the possibilities of such 
devices for practical applications. It 
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is the purpose of this article to do 
something to fill this gap. 


The equipment used for this in- 
vestigation was not the most suit- 
able from every point of view; 
indeed, much of it had been designed 
for quite a different purpose. 
Although it is believed that the 
receiver used (of the piezo-electric 
type) was fairly sensitive for the 
50 Ke/s. region, it is recognised that 
the ultrasonic source employed, an 
electric spark, was very inefficient. 
The disadvantage of inefficiency, 
itself not serious because’ the 
acoustic output was quite powerful, 
was more than offset with this type 
of source by the ease of generation, 
by its wide frequency spectrum and 
by the smallness of its physical 
dimensions, a feature very favour- 
able for use with focusing mirrors. 


Apart from the industrial applica- 
tions, which were instrumental in 
directing the author’s attention to 
these problems, two obstacle detect- 
ing applications, Blind Man’s Aid 
and Safety-in-Fog device—to assist 
road transport—are worthy of study 
and the results obtained in this in- 
vestigation would appear to provide 
useful guidance in regard to both of 
them; but it cannot be too strongly 
emphasised that it would be very 
unwise to speculate optimistically 
concerning either until a great deal 
more careful work has been done on 
them. Now to consider these two 
applications briefly. 


December, 1949 


Pe) 
42 
4 

3 
“4 
oe 





View of combined transmitting and receiving device 


The Blind Man’s Aid 


In the absence of any “ artificial 
eye”’ for light, which, with the 
interpreting system necessary to 
supplement it, seems much _ too 
cumbersome an equipment ever to 
be carried by a blind man, a 
‘‘ radar ’’ technique (i.e., a range- 
plus-direction technique) seems most 
promising. Equipment using electro- 
magnetic waves appears to be out 
of the question, but ultrasonic 
waves provide a possible answer, 
though with limitations, some of 
which will be discussed in this 
article. 

It must be emphasised that even 
if ultrasonic waves could reveal all 
the details concerning his surround- 
ings which a blind man needs, and 
this is by no means the case, a 
second development of considerable 
complexity would be required to 
interpret the data to him; and, 
finally, a perhaps impossibly diffi- 
cult development would be needed 
to reduce the bulk and weight of 
the equipment to the necessary 
degree so as to make it not only 
portable but, above all, inconspi- 
cuous. 

Putting aside the foregoing con- 
siderations, it is certain that a blind 
man would wish to have warning 
concerning the following three types 
of hazard :— 

(a) Wall, glass window, lamp post 

or another person; 

(b) Kerb or up-going steps; 
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(c) Down-going step or flight of 
steps, 
The experiments described herein 
deal with all of these, or with 
simulations of them. 


Safety-in-Fog to Aid Road Transport 


For vehicles, in place of visible 
light, it is desired to find waves 
which will penetrate fog, but 
although these may be _ either 
electro-magnetic or mechanical, 
waves of the former type demand 
for their generation and detection 
equipment far more complex than 
for the latter. In general, a radar 
technique, using pulses or trains of 
waves, seems most promising. 

The problems encountered are 
thought to be— 

(a) Detect waves reflected from 
kerbs and walls at the side of 
the road. 

(b) Detect waves reflected from 
on-coming traffic. 

The experiments recorded here 

show what has been achieved with 
simple equipment in this way. 


Design Considerations for Ultrasonic 
— and Receivers for Use 
in Air 


Alternatives to the spark source 
used in these tests would be 
magneto-strictive or, and these are 
more promising, piezo-electric de- 
vices. To produce powerful waves 
in such a weak medium as air, large 
amplitudes are necessary but the 
forces involved will be quite small. 
The double crystal type of piezo- 
electric element is therefore most 
suitable. This operates rather like 
the bi-metallic strip which curls on 
heating. Two thin ‘“ expander ” 
crystals, chosen for polarity so that 
one expands when the other con- 
tracts, can be cemented together 
and will bend or curl when polarised. 
Shear cut crystals can also be used 
in this way. 

When we are proposing to use such 
devices for ranging, although we 
need to radiate intense waves, we 
must not store too much vibrational 
energy in our transmitter or its slow 
rate of decay will cause serious 
embarrassment in our task of 
measuring very short time intervals, 
We cannot therefore build up a high 
amplitude by resonance and we are 
very much limited in output power 
by breakdown voltage conditions 
and saturation piezo-electric effects. 
We have not therefore used piezo- 
electric transmitting transducers in 
these tests. For the reasons given, 
explosions (an electric spark has the 
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nature of an explosion) and modu- 
lated air stream devices are to be 
preferred as sources of intense sound 
waves ; it is believed that worth- 
while advances can be made with the 
latter, especially where frequency- 
or amplitude-modulated continuous 
waves are employed for ranging 
rather than pulses. 

For receivers, breakdown voltage 
and saturation effects are not pre- 
sent to discourage the use of piezo- 
electric elements and, on account of 
their good sensitivity and _ con- 
venience, these devices were used in 
the experiments to be described. 


Choice of Frequency for Ultrasonic 
Ranging in Air 


It can readily be shown that for 
sonic transmission in fluids between 
an extensive radiator and an exten- 
sive receiving element, both of cir- 
cular aperture D:— 


P. D* —2ad 
P, = ong CHP ( x a (1) 


where 

P, is the received electrical signal, 

Pa is the generated electrical sig- 

nal power, 

‘\ is the wavelength, 

d is the separation of the radiator 

and the receiver, 

@ is an attenuation constant for 

the fluid under consideration; 
it is independent of frequency for all 
fluids, except those which exhibit 
relaxation phenomena. The assump- 
tion has been made that the trans- 
ducers are 100 per cent efficient 
(mechanical /electrical power) and 
that perfect matching exists between 
the propagating medium and the 
transducers. 

Where the above holds there is 
a minimum attenuation at an opti- 
mum wavelength of . which is 
obtained by differentiation :— 

Wi ONE sissy naan gncine ins (2) 

Taking a pessimistic assumption 
for air, at ordinary temperature 
is .0017 if d is in cm. 

From this the optimum wave- 
length and frequency for mini- 
mum overall attentuation for various 
distances for the above specified con- 
ditions will be as in Table 1:— 














Table I 

Distance d in feet... 10 20 40 80 

Distance d in cm. 305 610 |1220 |2440 

Optimum wave- 

length o/ in 

1, Aeeaeess 1.02 | 1.44 2.04 | 2.88 
Optimum wave- 

length o/ in 

inches . p 0.4 | 0.57 0.8 | 1.14 











Crees frequency 
n Ke/s. 


33 23 16} 1d 





The above equation holds for total 
reflexion from extensive plane sur- 
faces where the total path is d, while 
for the more interesting case where 
the returned signals are from small 
perfectly scattering objects several 
wavelengths in extent, the optimum 
wavelength is the same, but the 
complete expression for the received 
electrical power on the above 


assumption is :— 
4 


D‘A 
rd,‘ exp— 
4%dij ... (8) 

In this expression d, is_ the 
separation between the common 
transmitting / receiving position and 
tthe scattering object, and A is the 
effective echoing area of the latter 
which, in the case of a sphere, is 
approximately its projected area. In 
the case of returns from a cluster of 
small objects, each of which is 
distinctly smaller than a_ wave- 
length, the expression is similar to 
(3) with change of constant and an 
increase of the index of in the 
denominator to 6. The optimum 
wavelength is then approximately 
halved. 

If we are concerned with a 
distance of say 20 feet from the 
observer to the object sought, we 
shall thus, for large objects, expect 
to find it best to use a frequency of 
23 Ke/s. and for clusters of tiny 
objects 50 Ke/s. In the tests to be 
described 52 Ke/s. and 110 Ke/s. 
were used, 


P. 
—-= constant x 
Po onsta 


Details of Ultrasonic Equipment Used 
in the Experiments 


The combined transmitting and 
receiving device is shown in the 
photograph of Fig. 1 and, in some 
detail, in the sketches of Fig. 2. 
The spark transmitter had a stan- 
dard 14 mm. spark plug fixed in 
it, with the gap at the focus of the 
73 in. diameter paraboloid. Th 
gap itself was a little over one 
millimetre so that it was short 
compared with the wavelength 
used (3 to 7 mm.). 

The microphone incorporated a 
hollow double bimorph (twister- 
type) Rochelle salt crystal of 
dimensions 9.5 X 9.5 X 8 mm.; the 
crystal was of the sensitive, tem- 
perature-dependent cut and it had a 
resonance around 19 Ke/s. It was 
clamped onto the end of a swan- 
neck, the latter being lightly packed 
with cotton-wool; this also served 
as a shield for the lead going to 
the CV138 Head Amplifier (see 
schematic Fig. 3). The crystal was 





located at the focus of a 5 in. 
diameter paraboloid and, at 50 
Ke/s., the main lobe of its polar 
diagram approximately filled this 
aperture. 

The spark occurred when the 
charging of the 0.25“F capacitor 
from the 6 KV supply via a 1.2 
megohm resistor raised the voltage 
to about 4 KV. The discharge 
provided a_ synchronising signal 
over a 20 pF to 10 K. network (shown 
in Fig. 8). 

The received signal was further 
amplified by an amplifier having a 
maximum gain of about 100 db. 
centred on 52 Ke/s. with an overall 
band-width of 14 Kce/s., the output 


Fig. 2(b) (right). 
Details of 
receiver and 
head amplifier 
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Fig. 2(a) (left). 
Details of 


transmitter 




















Approx. RMS; Approx. db. 
oltage on above 
Crystal thermal 
Frequency Subject (capacitance—| agitation 

c/s. 250 pF.) level 

52 Person at 16 feet and wall at about 20 feet 400 nV 48 
1.2 mV 58 
(wall) 

52 I ft. ball at 16 feet and wall at about 20 feet 386 uw 48 

1.46 mV 
(wall) 59 
52 Brick (on laboratory floor) to simulate a 430 nV ao 
kerb at 16 feet 200 nV 42 

52 Beam on lip of down-going step 13 wv 18 

52 Beam on cinder path at 8 feet St uV 7 
110 Beam directed down on cinder path at 8 feet 7.2pV 13 

52 Automobile head-on at 29 feet 110 nV 37 

52 Brick (on laboratory floor) at 9 feet 2.5 mV 64 
110 Brick (on laboratory floor) at 9 feet 140 nV 39 

52 —o on foot of 3} in. 3 ft. long steel tube 1.62 mV 40 

t 9 feet i. neta lamp post) 

52 ce of 36 6BA by ¢ in. screws at 9 feet 29 wV 25 
110 Cluster of 36 GBA by 4 in. screws at 9 feet 14uV 19 
110 Beam on foot of 34 in. diameter, 3 ft. long 236 uV 43 

steel tube at 9 feet 

52 Teacup at 9 feet on laboratory floor 250 nV 44 
110 Teacup at 9 feet on laboratory floor 108 nV 37 

52 Beam on foot of 34 in. diameter, 3 ft. long 84 uV 35 

steel tube at I6ft. 
52 Beam normal on 2 ft. by 15 in. sheet at 37 mV 88 
8 ft. 4 in. 

110 Beam normal on 2 ft. by I5 in. sheet at | 790 uV 54 
t. 4 in. } 

110 I ft. diameter ball at 16 feet } 66 nV 33 








being fed to the cathode ray tube 
display. (See Fig. 3). A 110 Ke/s. 
amplifier with a bandwidth of about 
20 Ke/s. was used for the higher 
frequency tests. In most of these 
tests the signal was rectified before 
the final amplifying stage. 


Results 

Some of the results obtained are 
summarised in the table opposite, a 
typical test being shown in Fig. 4. 
Adjustments to equipment were made 
in the laboratory, using the ball tar- 
get to assess the effect of using 
different types of spark plug and 
amplifier, to check the alignment of 
the parabolic reflectors used in the 
device and the effect of changes in 
the earthing system in reducing 
paralysis. At the two frequencies 
under discussion, 52 and 110 Ke/s., 
replacement. of the spark plug by a 
spark gap of much more open con- 
struction had no marked effect on 
the signal received. It was found 
that a great reduction in paralysis 
could be achieved by completely 
insulating the earth return of the 
spark from the earth return of the 
microphone and by placing a 
large copper screening can over the 
back of the spark plug. These are 
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quite important points in the design. 
lt is also best for the whole of the 
transmitting paraboloid metal parts 


to be completely insulated from the 


main frame. 

The spark transmitter conditions 
were measured. The rate was 8 to 
4 a second, the mean feed current 





was 2.7 mA, the p.c. supply, 5.4 KV 
and the spark occurred at about 
4 KV with a peak current of about 
500 amps. From these results it 
would appear that the duration of 
the spark was 1 to 14 microseconds. 

Tests were carried out in the 
supplement those 


laboratory to 


Fig. 3 (at top of 
page). Circuit of 
combined trans- 
mitting and 
receiving device 


Fig. 4 (left). 
Viewing cinder 
path and steps 
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made out of doors. The effect of a 
lamp-post target located on tarmac 
was simulated by standing a 3} in. 
diameter 8 ft. long tube on the 
linoleum of the laboratory floor. 
Good returns were consistently 
obtained from its foot with a 
beam sloping downwards at 20° 
to 80°, but beam elevation was 
rather critical for nearly hori- 
zontal incidence. Bricks were 
readily seen since they acted as 
corner reflectors when on the floor, 
but to give a good echo their 
edges needed to be _ substantially 
normal to the beam. An object such 
as a teacup on the floor gave a very 
good echo. To assess the effect of 
a degree of roughness on the floor, 
a cluster of three dozen 6 BA x } in. 
screws were used and gave readily 
visible returns. When testing at 
52 Ke/s. for the magnitude of the 
reflexion from a large sheet, an 
experiment was carried out which 
proved that the active area at 
8 ft. 4in. was only about 9 in. in 
diameter, i.e., 5°. 

The amplifiers used were cali- 
brated and approximate values of 
the peak echoes were made by 
measurement of the photographs of 
the oscillograms. Wide variations 
from these often occur because the 
orientations of the ultrasonic device 


and of the subject were quite 
critical. 
Directivity 


The directivity of the combined 
transmitting and receiving device 
was very high. Some measurements 
on the half amplitude widths of a 
rather similar parabolic reflector 
with spark plug (transmitter only) 
are tabulated below :— 








Frequency | Measured | Theoretical 
Kc/s | BeamWidth BeamWidth 
| 

4 124 10° 

40 8° 5° 

55 12 3.6° 

75 : i 27° 

110 34° 1.8° 








The 5 in. receiving parabola has 
a somewhat larger angle and the 
combined device has, of course, a 
directivity characteristic corres- 
ponding to the product of those of 
its two elements. 

For specular reflexion from an 
extensive plane, as is the optical 
case, a given inclination of the plane 
is effectively doubled and results in 
very critical conditions. When off 
normal by more than a few degrees, 
the echo returned from a smooth 
plane surface is very tiny indeed. 

Tests were made on reflexions from 
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bricks arranged roughly like a wall, 
as shown in Fig. 5(a) and from a 
mortared brick wall. These results 
are illustrated in Figs. 5(a) and 5(b) 
respectively. In each case the beam 
was horizontal. The directivity of 
the receiver was small, but the half- 
amplitude beam widths of the trans- 
mitter were abcut 123°, 12° and 33° 
for frequencies of 20, 55 and 110 
Ke/s., respectively. 


Discussion of Results and Conclusions 


Analysis of the received energy 
levels shows that the equipment is 
working very much more efficiently 
at 50 Ke/s. than at 110 Ke/s. 
Allowing for this, the scattering from 
small objects, such as screws and 
cinders on the cinder path, was 
very much greater with the higher 
frequency. When detecting an 
obstacle such as a lamp-post, returns 
appear to be most reliable when 
the beam is directed at its foot. 
The only example of a down-going 
step which was tried gave rise to 
a discrete reflexion which was quite 
marked at 10 ft. and, moreover, 
perhaps because the path preceding 
the step was slightly rough, a 
noticeable difference in the signal 
occurred when the beam was on the 
path compared with that when the 
beam proceeded unimpeded in air. 

Owing to the high degree of 
directivity of the device, walls at 
oblique incidence gave very weak 
echoes. The scattering from walls, 


however, became quite marked at 
higher frequencies such as 110 Ke/s. 
(see Fig. 5). 

Useful returns were obtained from 
an automobile head-on at about 
30 ft. Kerbs, if similar to a row 
of brick on the ground, give good 
reflexions provided that the beam is 
substantially normal to the edge. 
Similarly a wall gives excellent 
reflexions for normal incidence, 

In general, there is a conflict 
between achieving high sensitivity 
of detection of small scattering 
objects by focusing the beam, 
(which is attended by good resolu- 
tion of side-by-side objects), and 
the worsening of returns obtained 
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from poor scattering surfaces, such 
as walls and the like which occurs 
through the enhanced directivity, 
since the latter inevitably accom- 
panies the improved sensitivity 
when focused beams are used. For 
ranges of about 10 ft. it would 
appear advisable to use quite high 
frequencies of around 60 Ke/s. to 
make the best possible use of any 
roughness, and consequently scatter- 
ing, which available surfaces offer. 
For ranges of about 30 ft., a 
frequency of around 20 Ke/s. seems 
suitable. 

The high directivity of the beam 
which obtains when a _ reasonable 
compromise is’ struck between 
increasing equipment power and 
increasing sensitivity by focusing 
the beam is a serious drawback of 
the ultrasonic obstacle detector. 
This might possibly be overcome 
at the expense of some complexity 
in a Safety-in-Fog device by using 
two transmitting-receiving assem- 
blies, one directed forward and the 
other sideways and down. Exten- 
sive trials would be needed to decide 
whether reliable indications were 
obtained from such equipment. For 
the Blind Man’s Aid, however, the 
diverse nature of the hazards 
encountered would make _ most 
formidable demands on the equip- 
ment and it would be a very bold 
man who would prophesy even 
ultimate success for such a device 
in a portable form. 

Acknowledgement is made to the 
Director of the National Physical 
Laboratory and the Chief Scientist, 
Ministry of Supply, for permission 
to publish this paper. (Crown copy- 
right reserved. Reproduced with 
the permission of the Controller of 
H.M. Stationery Office.) 





Fig. 5(b). 
Approximate 
course of 
scattered signal 
from mortared 
brick wall as 
angle of inci- 
dence is changed 
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A HIGH IMPEDANCE INPUT STAGE 


Electronic Engineering 


for a Valve Amplifier 


By P. O. BISHOP, 


Y means of a valve amplifier it 

is possible to measure small 
changes in electrical potential 
having frequency components over 
a wide range even when they are 
derived from a source with a very 
high internal resistance. When the 
source impedance is very high and 
it is required to amplify and record 
a wide range of frequencies the use 


of a valve amplifier becomes essen-- 


tial. For this purpose a_ very 
high input impedance is required 
which normally calls for the 
use of special electrometer valves. 
Several attempts have been made 
to achieve the same result with 
common valve types. The methods 
adopted will be briefly reviewed and 
the application of these methods to 
the design of an input stage to a 
valve amplifier will be discussed. 


The most important factors in 
determining the maximum resist- 
ance which may be placed in the 
grid circuit are the magnitude of 
the grid current and the nature of 
the grid current characteristics. By 
the use of common valve _ types 
under reduced operating potentials 
it is possible to achieve grid cur- 
rents of 10-” ampere or less. 
Nielsen’ reviewed the earlier publi- 
cations and investigated the possi- 
bilities of using the types 38, 954 
and 959 as reduced grid current 
valves. He includes much quanti- 
tative information showing the 
depentience of grid current upon 
applied potentials and reports grid 
currents less than 10-” ampere in 
the 959 valve associated with a 
stability comparable with that of 
special electrometer valves. Re- 
ducing the filament temperature 
and anode potential will minimise 
the grid current from all sources 
except that due to insulation or 
surface leakage and the portion 
that results from the emission of 
positive ions from the cathode. 





* Department of Anatomy, 
London. 


University College, 


M.B., B.S. (Sydney)* 


The grid current due to positive 
ion emission can be_ substantially 
reduced by using an “‘ electrometer 
connected ”’ pentode in which the 
suppressor electrode (G3) acts as 
the control grid and the screen acts 
as the space charge grid shield- 
ing the control grid from cathode 
ions. The normal control grid (G1) 
is operated at a small positive 
potential relative to the cathode. 
It is not possible to use an “ elec- 
trometer connected’’ valve as a 
true cathode follower because varia- 
tions of control grid (G3) potential 
have relatively little effect on the 
total cathode current. The control 
grid in this case exerts its effect by 
partitioning the cathode current 
between the screen grid (G2) and 
the anode. Grid currents as small 
as those reported by Nielsen can- 
not be expected when the grid (G1) 
is used as the control grid in a 
normal cathode follower circuit. 
With due precautions for minimis- 
ing surface leakage the lower limit 
to the value of the grid current in 
a valve operated as a cathode 
follower will be set by the positive 
ion current from the cathode and 
will be of the order of 10-“ ampere. 


Despite this limitation, the 
cathode follower has many advan- 
tages that make it desirable as the 
input stage to an amplifier. The 
effect of feedback in increasing the 
grid-cathode resistance and reduc- 
ing the grid cathode capacitance is 
well known. A further important 
property of this circuit was reported 
by Sowerby* in that it allows a 
much higher resistanee to be placed 
in the grid circuit without causing 
instability than would be the case 
if the valve were operated in a 
normal amplifying stage. The 
explanation of this observation has 
been given by Crawford’. The 


maximum value of grid leak with 
which stability can be maintained 
is given by the expression 1/gmK, 
where K is the maximum slope of 
current / anode 


the grid current 
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Cathode follower input stage to a 


Fig. I. 
balanced D.C. amplifier 


curve and gm the transconductance 
at that point. With a cathode 
follower the effective transconduc- 
tance becomes 





em(eff) = gm es gmRc 
where Re is the cathode load 
resistor. Thus, the maximum value 
of the grid leak (Rg) becomes 
oe, 
Rg(max) = gm + Re 


K 


The use of a high cathode load 
resistor makes the variations of 
calibration with source impedance 
very small even when grid leaks up 
to 10° ohms are used. The magni- 
tude of the grid current is, how- 
ever, not affected by the fact that 
the valve is a cathode follower and 
it will have the same value as that 
obtained with a normal circuit 
operating at the same anode voltage 
and current. 


The acorn types RCA 954 (pen- 
tode) and 955 (triode) are very 
suitable for the input stage. They 
are very small and their electrodes 
are connected to leads brought out 
through seals well separated on the 
envelope. The cathode follower 
circuit shown in Fig. 1 was designed 
as the input stage to a balanced 
direct coupled amplifier. 


The operating potentials and 
characteristics for the 954 and 955 
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are given in the table below. 











954 955 

Heater potential 4V 4V 
Va 30V | 36V 
Screen grid (g2) 36V | — 
Vg —1.4V —1.5V 
la (+1g, for 954) 50 pA 60 ge 
B _ 2 
gm 170 x 10°* 130 x 10-* 

mhos mhos 
Ra >5MQ 2x10Q 
ig 5 x 10-amp {5 x IC- amp 








The choice of operating potentials 
is largely determined by the output 
impedance that can be tolerated. 
Reducing the operating potentials 
reduces the grid current but it also 
decreases the transconductance of 
the valve and so increases the out- 
put impedance of the cathode 
follower. The increase in anode 
impedance of the valve _ also 
requires a higher value of the 
cathode load resistor than would 
otherwise be the case. Thus the 
operating potentials chosen for the 
valve will be largely determined 
by the requirements of the par- 
ticular application of the cathode 
follower. The circuit parameters 
given above gave an output impe- 
dance for the stage of about 10 K®. 
This did not limit the frequency 
response of the following amplifier 
which was designed to have a 


uniform amplification up _ to 
10 Ke/s. 
It is desirable to make the 


cathode load resistor as large as 
possible in order to avoid non- 
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linear distortion with large input 
signals and in order to make the 
amplification of the stage approxi- 
mate to unity. In the case of the 
triode valve with small input 
signals it is sometimes convenient 
to earth the cathode load resistor, 
25K being a suitable value to give 
a grid bias of —1.5 V when using 
the operating potentials given 
above. In the case of the pentode 
the high anode impedance makes a 
high value of cathode load resistor 
essential and this requires a nega- 
tive high tension supply. When the 
cathode follower is used as the 
input stage to a high gain direct 
coupled amplifier it is desirable to 
use wire wound resistors. This 
places a practical limit to the value 
of the load resistor rather than the 
available negative high tension 
supply. The potentiometer in the 
cathode circuit of Fig. 1 enables 
the p.c. levels of the two cathodes 
to be balanced. The actual value 
of the grid current for a given valve 
type varies from valve to valve by 
a factor of about ten. In the case 
of the triode, 955, the grid current 
was about 5 x 10-” amp. while 
for the pentode it was about 
5 x 10-" amp. When the pentode 
is used the anode potential should 
be a few volts negative to the 
screen potential. Raising the 
anode voltage above that of the 
screen causes an increase in grid 
current. 
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The input capacitance is con- 
siderably reduced by operating the 
valve as a cathode follower. The 
capacitance between the grid and 
earth can be reduced in the same 
ratio as the reduction of the 
grid-cathode capacitance by join- 
ing the shielding on the grid lead 
to the cathode*. This shielding 
must be insulated from earth and 
the whole again covered with an 
earthed screen. To obtain the 
minimum input capacitance the 
valves should be mounted on the 
pick-up electrodes themselves or in 
such a way that the input grids 
are joined directly to the source of 
the E.M.F. With the 955 the 
effective input capacitance to the 
valve will be little more than the 
grid-plate capacitance (1.4 ##F). 
When the pentode is used the 
effective input capacitance is very 
much less, the calculated value 
being about 0.05 4#F. This is 
achieved by using small floating 
batteries to provide the screen 
potentials, so that the grid-screen 
capacitance is also reduced by the 
negative feedback. In_ practice 
stray capacitances associated with 
the pick-up electrode system are 
likely to be of a much higher order 
than the actual input capacitances 
of the valve. 
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A “ Zero-Beat Indicator for Heterodyne Measuring Systems 
By K. GOLDSMITH, M.Sc., A.M.1.E.E.* 


ATHODE-RAY tubes are widely 
used as detectors of frequency 
balance in heterodyne measuring 
systems, but the information given 
by the tubes does not lend itself 
readily to remote measurement and 





* Research Department, Lever Bros. & Unilever, 
T.td., Port Sunlight, Cheshire. 





automatic control purposes. Elec- 
tronic frequency meters, which are 
suitable for this purpose, become 
very insensitive in the range near 
zero frequency. If, therefore, an 
electronic frequency meter is to be 
used in a heterodyne system, some 
device must be incorporated which 
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heterodyne circuit. 














permits accurate detection of the 
zero frequency. 

In the conventional heterodyne 
system, the frequencies of two 
oscillators, fl and /f2, are fed into 
a mixer circuit, the output of which, 
fl—f2, is applied to a frequency 
measuring circuit. When fl = f2, 
the mixer output is zero. The in- 
troduction of an amplifier between 
the mixer and the _ frequency 
measuring stages does not materi- 
ally affect the operation of the fre- 
quency meter. If, however, the 
amplifier is provided with a slight 
amount of positive feedback, it will 
become oscillatory as soon as the 
input impedance is sufficiently high. 
The feedback circuit and the time 
constant of the amplifier can be so 
arranged that it will be oscillatory 
only at very low frequencies, i.e., 
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Fig. 2. Schematic of the amplifier and frequency meter 


RI, R4, IMQ RZ, R8, R12, 27KQ C2; 
R2, 2.2KQ R9, 4.7KQ C3 
R3, 270KQ RIO, RII, RI3, JOOKQ = C4, 
R5, IKQ R/4, 5KQ 

R6, |OKQ Cl, 0.1 pF Vi 


when the mixer output frequency 
approaches zero. The amplifier 
then functions like a super-regenera- 
tive circuit. At very low frequen- 
cies, its self-oscillation is modulated 
by the output frequency of the 
mixer, the oscillation building up to 
a maximum at zero frequency input. 
The oscillation of the amplifier will 
virtually cease when the mixer out- 
put frequency is increased, and the 
amplifier will then function nor- 
mally. The frequency of _ self- 
oscillation of the amplifier (fr) can 
be made sufficiently high for the 
frequency meter to show a large 
deflexion at ‘‘ zero-beat,’’ where 
fl = f2. A block diagram of this 


arrangement is shown in Fig. 1. 


In the device here described, 
mixer and frequency meter are 
separated by a _ two-stage R-C 
coupled amplifier, the cutput of 
which is coupled to the input by 
means of a small trimmer capacitor. 
- The amplifier frequency (fr) is 
chosen to give full-scale deflexion 
on the frequency meter at ‘‘ zero- 
beat.”’ The positive feedback, and 
hence the intensity. of oscillation, 
can be adjusted by means of the 
trimmer. This should be adjusted 
to give very loose coupling. so that 
the oscillation ‘can readily be 
stopped by small changes in the 
input frequency. Excessive coup- 
ling between amplifier output and 
input by stray capacitances should 
therefore be avoided. The fre- 


C5 Trimmer, 10-25pF 


C7, C8, .0005pF V2, KTZ 63 
C6, C9. 25 uF V3 ECC 35 
0.0! pF V4, D 63 


M, Milliammeter, 0-1m A 
H63 T, Intervalve Transformer 
quency meter is of the R-C type, 
with an approximately _ linear 
response between 100 c/s. and 
10 Ke/s. It can thus be used to 
measure the amount and detect the 
direction of the frequency deviation 
from zero. A circuit diagram of the 
amplifier and frequency meter is 
given in Fig. 2. 


The advantage of using a ‘ 


* zero- 
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beat ’’ indicator in conjunction with 
an electronic frequency meter 1s 
illustrated in Fig. 3. The very flat 
response of the meter below 100 c/s. 
would render it useless as a detector 
in a heterodyne system, but, with 
the indicator, a sharp peak is 
obtained at zero frequency. The 
frequency band width at the base 
of the cusp of the ‘“ zero-beat ” 
indicator is 20 c/s. in this case. 
This can be adjusted to some extent 
by means of the back-coupling of 
the amplifier. At very iow fre- 
quencies, between 1 c/s. and 10 ¢/s., 
the modulation of the amplifier 
oscillation by the output frequency 
of the mixer results in pulses of the 
needle of the output meter M. 
Accurate zero balance can therefore 
be determined by observing the 
maximum steady deflexion of the 
needle, and small _ out-of-balance 
frequencies can be found by timing 
the pulses. 

The ‘‘ zero-beat’’ indicator has 
been used _ successfully in the 
measurement of dielectric constant 
by means of the heterodyne method. 
The indicator was found to be more 
convenient for visual indication of 
** zero-beat ’? over a long period of 
time than a cathode-ray tube. If 
an electronic relay is substituted for 
the output meter, remote indication 
of zero balance can be obtained, 
and this can be used for purposes 
of automatic control. 


Fig. 3. Effect of the Zero-Beat indicator on the scale reading of a frequency meter 
in a heterodyne circuit 
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SenTerCel Miniature H.T. and H.F. 


Rectifiers 
(Illustrated above) 


To meet the need of the radio and 
electronic industry for miniature H.T. 
selenium rectifiers a new range of SenTerCel 
rectifiers has been developed. 

The rectifiers are constructed to employ 
a tubular rivet instead of the conventional 
spindle, so reducing their size. Together 
with improved manufacturing technique, 
claim the makers, this enables the rectifiers 
to be produced at prices lower than the 
equivalent thermionic valve. 

The range is made up of three basic types 
of half-wave rectifiers. If an output greater 
than can be obtained from a single rectifier 
is required, further rectifiers may be con- 
nected in series or parallel. An assembly of 
two rectifiers mounted on a bracket can be 
supplied. 

The SenTerCel type MI rectifier measures 
only 4 by } by } in., and consists of a single 
element mounted in an aluminium case, 
weighing only 0.015 oz. With frequencies 
below about 5 Mc/s. it can usually replace a 
thermionic diode. In addition to the saving 
of space, the use of the MI rectifier effects 
a considerable reduction in cost, for not 
only is the rectifier itself inexpensive, but 
the cost of a valve base and associated wiring 
is saved. As no heating is required, a low 
hum level in high impedance circuits is 
attained, and the heat loss of a thermionic 
valve is avoided. 

Its average characteristics are:— 


Seif capacitance - 20 pF. 
Forward resistance at 5 

volts D.C. 12,000 ohms. 
Reverse resistance at 5 

volts D.C. ..- 20 megohms. 
Maximum peak inverse 

voltage --» 50 voits. 
Minimum A.C. input 

for satisfactory recti- 

fication mete 0.5 volts. 


Standard Telephones and Cables Ltd. 
Connaught House, 

Aldwych, 

London, W.C.2. 


A Low-Hum Input Pentode for Audio 
Amplifiers 


(Illustrated below) 


ULLARD Electronic Products, Ltd., 
have produced an input valve combin- 
ing the features of high gain, low micro- 
phony and low hum: the EF37A pentode. 
The valve is an improved model of the EF37, 
and should prove useful in the design of 
audio amplifiers operating from low input 
levels. Applications include microphone 
input stages, sound-on-film and  disk- 
recording equipment. 

The makers claim that the magnetic hum 
of the EF37A is less than one-fifth that of 
the EF37; the actual value, referred to the 
control grid, being less than 5 microvolts. 
The operating conditions of the new valve 
are identical with those of the EF37. 


Mullard Electronic Products, Ltd., 
Century House, 

Shaftesbury Avenue. 

London, W.C.2. 





Pe ER 


Ratings of SenTerCel H.T. Rectifiers 








Type RM.! RM.2 RM.3 
Maximum ambient temperature oe 55°C. 35°C. Sorc. | 35°C. ; 36°C. 
Maximum output current (mean) 60mA | 30mA | 100mA ! 60mA | 120mA 90mA 
Maximum input voltage (r.m.s.)__... ail 125 volts 125 volts | 125 volts 
Maximum peak inverse voltage ‘ies sel 350 volts 350 volts 350 volts 
Maximum instantaneous peak current om Unlimited Unlimited Unlimited 
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A monthly record of British elec- 


accessories, compiled from information 


Television Wobbulator 


5 pve Type 36 Television Wobbulator has 
been designed for television manu- 
facturers and those engaged on the develop- 
ment of television receivers. It is a 
mechanically swept complete visual align- 
ment equipment enabling accurate response 
measurements to be taken. The display is 
viewed on a 34 in. cathode ray tube. The 
frequency modulation system sweeps 10 
Mc/s. ; 40-50 Mc/s or 8-18 Mc/s. outputs are 
switched from the front panel. A trace 
expansion system is incorporated enabling 
any 3 Mc/s. to be expanded to occupy the 
full 7 cms. ‘‘X’’ trace. The output is 
monitored and continuously variable from 
| zV to 100 mV ; the output impedance of 
the attenuator being 75 ohms. The signal 
from the receiver under test is fed to a 
calibrated ‘‘ Y ’’ amplifier, which at maxi- 
mum gain, requires an input of | volt to 
produce a4 cms. ‘‘ Y ’’ trace. For produc- 
tion use master curves may be fixed into the 
tube mask and receivers aligned by unskilled 
personnel to these master curves. The size 
of the instrument is height 14} in. width 
10} in., length 16 in. 

The Type 39 Wobbulator is a similar 
instrument for use on Birmingham receivers. 
R.F. frequency 55-65 Mc/s. I.F. frequency 


20-30 Mc/s. Samwell and Hutton, 


Combine Works, 
Ilford, Essex 
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Equipment 


apparatus, components and 


the manufacturers. 


Dynamic Balancing Machine 


TT apparatus is designed to measure out 
of balance components on mechanisms 
weighing up to 7 Ib. and gives direct readings, 
electrically indicated. The machine consists 
of acradle upon which is mounted the test 
specimen, the cradle being supported so 
that it can vibrate freely in all planes. 
Electrical voltages are derived from the 
supports of the cradle and are amplified 
to a suitable level. The test piece is rotated 
at speeds from 1,000 to 3,000 r.p.m. by 
means of a belt driven from an electric 
motor mounted above the cradle. Any out 
of balance components will cause the 
supporting structure to vibrate, and generate 
a voltage proportional to the amplitude of 
the vibration. The high gain amplifier will 
measure vibrations as small as 0.000025 
inches, and by means of a filter network 
only those vibrations that occur once each 
revolution are recorded. 

By means of switches on the control unit 
the amount and angle of unbalance are 
indicated. A stroboscopic light source 
produces a pulse of light which is electrically 
timed to coincide with the unbalance of the 
rotating work piece. By means of a scale 
mounted on the workpiece only the 
appropriate section is shown up by the light 
source. 

Dawe Instruments, Ltd. 
Hanwell, London, W.7. 
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Indicator Lamp 
(Shown below) 


I ie. new Bulgin signal lamp bush and 
holder can be fitted to panels up to $ in. 
thick, only a single fixing hole being re- 
‘ quired. The thermo-plastic lens can be 
supplied in a variety of colours, and, in 
quantity, bushes can be given any of the 
usual metal finishes to order. Normal 
stocked finish is polished nickel plating. 
The holder takes mains voltage I5 watt 
lamps, S.E.S. cap type (B.S.98/E.14). 
A. F. Bulgin & Co. Ltd. 
; By-Pass Road, 
Barking, Essex. 





The Elliott Potentiometer Recorder 
(Illustrated right) 


HE Elliott Potentiometer Recorder is a 

continuous type high speed recorder, 
taking only three seconds to move across 
the chart. It has been simply designed, 
consisting of inter changeable sub-assemblies, 
which facilitate servicing, and combines a 
magnetic inverter and oil-immersed slide 
wire. 

On the same panel is mounted the Elliott 
pneumatic control system, which is very 
flexible. The various control elements can 
be accommodated in the recorder casing as 
shown, or situated in the plant where 


convenient. 

The system incorporates the Elliott 
‘“* Pneulec ’’ electro-pneumatic transformer 
which converts electrical signals into 


proportionate pneumatic signals, and the 
Elliott ‘‘ Trimod ’’. pneumatic controller to 
produce proportionate integral and ratc 
iunctions. Features of the controller are : 
sealed system, calibrated setting and 
exceptionally long integral times. 
Elliott Brothers (London) Ltd. 
Century Works S.E.13. 


Electronic Counter—Batcher Type 
Ts instrument (illustrated above) has 

been developed to meet the demand for 
an apparatus at a reasonable price that will 
fill the needs of manufacturers and packers 
interested in the counting and batching of 
small articles at high speed. The maximum 
counting speed of which this apparatus is 
capab!e can be fully utilised only in certain 
scientific applications. 

The E.C.B.144 will count and batch in 
quantities predetermined by the setting of 
two switches, and give visual indication of 
units, tens, dozens and grosses or any other 
combination in this range, and will auto- 
matically repeat the cycle on completion of 
each batch. 

Batching can be effected by an electro- 
mechanically operated trap or gate specially 
designed for the articles to be batched, 
which diverts the stream of articles from 
the full container to the empty one waiting. 
At the same time a record of batches 
completed may be obtained on an electro- 
magnetic counter which, if required, can 
be positioned remote from the main 
apparatus. 

The largest batch for which the standard 
model counter can be used is one gross, but 
the addition of one further stage will enable 
the instrument to operate up to 12 gross. 

Sargrove Electronics Ltd. 
Effingham, Surrey. 
eee | 
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Just out 


The New 8th 
Edition 
of 


P. H. Brans’ 


RADIO VALVE 


VADE 
MECUM 
1950 


The most copied book of the tech- 
nical literature, giving complete 
information on well over 15,000 
valves, as per data supplied by 247 
valve-manufacturers from all over 
the world. 


The ideal reference book for radio 
and television technicians, electronic 
engineers, servicemen, research 
workers, students, repairers, 
amateurs, etc., etc. 


The book is published in 17 languages, 
including English. A hundred 
thousand copies are sold every year 
n 73 countries. 


530 pp. (12” x 8”) In all libraries 


PRICE: 20/- 


(plus 1/- postage) 


Single copy service : 
Universal Services, 
16 Lyndhurst Avenue, 

London, N.12. 
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Terrestrial Radio Waves 


By Dr. H. Bremmer. Ist Edition. 343 pp. 
91 figs. Elsevier Publishing Co., distributed 
by the Cleaver-Hume Press. Price 42s. 


HYSICISTS and engineers con- 

cerned with the theory of the pro- 
pagation of radio waves round the 
earth often find themselves interested 
in the relations between the radio 
theory and the theory of allied pheno- 
mena in other branches of physics. For 
example, when considering diffraction 
round the earth they are reminded of 
problems concerning the interaction of 
a parallel beam of radiation with a 
conducting or dielectric sphere, and 
the application of the results to scatter- 
ing from small particles, either in col- 
loidal solutions or in the rainbow. The 
** skip distance ’’ phenomenon encoun- 
tered when waves are propagated 
through the ionosphere presents inter- 
esting analogies to the optical pheno- 
mena near a caustic; when the mag- 
netic field of the earth is taken into 
account the ionisphere becomes doubly 
refracting so that it is possibly to use 
the theoretical methods applicable to 
the propagation of light in crystals, and 
the deduction of the wave- and ray- 
velocities is of importance. The propa- 
gation through an _  inhomogenous 
medium has many analogies to the 
problems encountered in wave- 
mechanics: 

In this book, “ Terrestrial Radio 
Waves,”’ Dr. H. Bremmer attempts to 
survey and correlate the highly mathe- 
matical work of Watson, Love, Lckers- 
ley and Millington, van der Pol and 
Bremmer. Wedensky, Booker and 
others, also to show how the radio 
problem is related to those other physi- 
zal problems mentioned above. It 
seems to the reviewer that. those who 
worked on these theories of radio-wave 
propagation were primarily mathemati- 
cians, interested more in the mathe- 
matical methods than in physical 
explanations, and it was hoped that 
the author of the present book would 
have been able to explain the essen- 
tials of the problems by some simple 
physical arguments, He has not, how- 
ever, found this possible. Instead he 
outlines the various types of mathe- 
matical approach, shows how they are 
related, and then points out what the 
mathematical results mean physically. 
This is interesting, and valuable, but 
does not help the physicist very much : 
he is eft in the position of having to 
accept the very complicated mathema- 
tics, though he is given some help in 
their interpretation. 

To those interested in the different 
types of theory the book should be a 
useful guide, though it will be necessary 
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for ithe reader to consult the original 
papers before he can follow the argu- 
ments in detail. For others who are 
interested in results the numerous 
graphs which summarise the theoreti- 
cal deductions in several important 
special cases will be useful. Those who 
think, as the reviewer does, that there 
is usually a simple explanation of 
natural phenomena, will be disap- 
pointed that such complicated mathe- 
matics is still necessary in order to 
explain the behaviour of the waves, 
and will feel that there is still room 
for someone to simplify the presenta- 
tion of the theories. They will, how- 
ever, be grateful to the author“ for 
giving them some idea of how nature 
works by drawing attention to the 
similarities between diverse physical 
phenomena. 

In at least two important fields the 
book contains material hitherto unpub- 
lished. In one of these the reflexion 
of very long waves from a_sharply- 
bounded ionosphere in the presence of 
a magnetic field is computed: in the 
other the focusing and absorbing effects 
of the ionosphere on radio waves :nci- 
dent from outside the earth is discussed. 
Other topics include diffraction round 
the earth and propagation through an 
inhomogeneous medium, treated by ray 
and wave methods, and with applica- 
tions both to tropospheric and iono- 
spheric propagation. 


J. A. Ratcuirre. 


Waveforms 


By Britton Chance, V. Hughes, etc. M.!.T- 
Radiation Laboratory Series; volume 19: 
785 pages. McGraw Hill. 85s. 


N a book of this magnitude (nearly 

800 pages) it is difficult in a short 
review to do full justice to its contents. 
It is essentially a reference book to be 
consulted on occasion rather than to be 
read minutely from cover to cover. The 
title, which has the merits and demerits 
of brevity, hardly gives an idea of the 
contents, which deal with the genera- 
tion of almost every (at present) useful 
wave form from sinusoidal to pulse, 
and their amplitude and time selection, 
comparison and discrimination. Sections 
are also included on amplitude and time 
modulation and demodulation, on 
methods of multiplying and dividing 
frequency, and on the use and control of 
electrical waveforms in performing the 
equivalent of simple (counting) and 
complicated (differentiation, square 


root, etc.) mathematical operations. 
Full acknowledgement is made to the 
considerable contributions made in this 
field by British workers and in particu- 
lar to F. C. Williams. 

There are 23 chapters, two appendices 
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(on the negative capacitance and the 
cathode compensated amplifier), a two- 
page glossary and an appendix. Chapter 
1 affords an excellent introduction, indi- 
cating the relationship to preceding and 
succeeding volumes in the M.I.T. series. 
Volume 17 on components is stated io 
be an essential companion to this 
volume if the precision circuits des- 
cribed are to be constructed. In the 
latter part of this chapter (further am- 
plified in Chapter 2) F. C. Williams dis- 
cusses pulse shaping by linear networks 
(R, L and C) and by non-linear devices 
such as valves, using the cause and 
effect diagrams originally presented in 
his paper* to the 1.E.E. Radiolocation 
Convention. Chapter 38 considers the 
use of non-linear circuits in performing 
the basic operations of amplitude and 
time selection, discrimination and com- 
parison of waveforms, 

A succinct and comprehensive ac- 
count of sinusoidal waveform genera- 
tors is provided in Chapter 4; the sub- 
ject matter, ranging from crystal con- 
trolled radio frequency oscillators to 
phase shift and bridge controlled audi> 
frequency oscillators, is of interest to 
radio engineers generally. Short dura- 
tion waveforms (generally less than 0.1 
microseconds) having abrupt changes of 
shape are dealt with in the next two 
chapters, the first of which treats multi- 
vibrators and phantastron type circuits. 
This and the next chapter on blocking 
oscillator and delay-line pulse genera- 
tors really cover some of the ground 
surveyed in Volume 5, but the method 
of presentation here will have greater 
appeal to the general circuit designer 
and student. In chapter 7 is a des- 
cription of the generation and uses of 
triangular waveforms, and the next 1s 
devoted to special types of waveforms 
made up of a mixture of linear and 
curved shapes. which in their variety 
and possibilities will stagger the 

“plain” electrical engineer. 

Amplitude selection, comparison and 
discriminate Circuits are reviewed in the 
ninth chapter. The importance of the 
diode (often in association with a cath- 
ode fdllower) as a selector is empha- 
sised, and it is shown that comparison 
is achieved by using the input wave (or 
a modified form of it) to trigger some 
regenerative device, and that discrim- 
ination involves the difference between 
two voltages as the operational feature. 
Time selection requires a ‘‘ gating ”’ 
pulse and chapter 10 deals with circuit 
arrangements. 

The difficulties associated with the 
amplification of waveforms containing 
D.c. components can be lessened by 
using the wave to modulate a carrier 
which is then amplified and later de- 








* Introduction to Circuit Techniques for Radio- 
Journal I.E.E. Part IITA. March, 1946. 
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modulated. Auseful summary of methods 
of modulation and a table of perform- 
ance of recommended circuits are found 
in Chapter 11. The title of Chapter 12 
‘* Electromechanical Modulators’”’ is 
liable to shock many readers, (if they 
have forgotten the carbon microphone), 
since it deals with transducing systems 
for changing a mechanical displacemen: 
into a directly related electrical ampli- 
tude variation. The performance of 
four devices, potential divider, variable 
coupling transformer, variable capaci- 
tor and photoelectric system, are con- 
sidered and their performances sum- 
marised in a table. The importance of 
time modulation (Chapter 18) needs no 
stressing for radar work, and its use- 
fulness is being exploited more and 
more for measurement and computing. 

The basic principles of amplitude and 
time demodulation of non-sinusoidal 
waveforms are shown in Chapter 14 to 
be the same as for sinusoidally varying 
signals. Thus amplitude modulation 
requires a peak detector and for time 
demodulation an area detector (often 
known as a counter) is necessary, or the 
time variation must be converted first 
into an amplitude modulation. 

The next three chapters on sinusoidal 
and pulse recurrence frequency division 
will be of particular interest to design- 
ers of television synchronising pulse 
generators. Electrical circuits for per- 
forming mathematical operations are 
examined in Chapters 18 and 19. A 
description of oscilloscope techniques 
follows and contains nothing new to 
users of this instrument. 

The storage of information on a 
special photo-sensitive surface in a 
cathode-ray tube is a comparatively 
new development and Chapter 21 makes 
no pretensions to completeness. The 
characteristics of electrical delay lines 
(for delays up to about 10 micro- 
seconds) and of supersonic delay lines 
(giving delays up to several milli- 
seconds) are discussed in the last two 
chapters. 

For the circuit designer this is one of 
the most useful books in the whole of 
the M.I.T. Radiation Laboratory Series. 
and is one that the teacher of advanced 
circuit technique and the _ television 
specialist will certainly want to possess 
and use, 

K. R. Srur.ey 


Electronics in the Factory 


Edited by Prof. H. F. Trewman. 183 pp. 
63 figs. Pitman & Sons, Ltd. 20s. net. 


HIS book has been compiled by 
members of the staff of Electrical 
and Musical Industries, Ltd.—in fact 
the company’s monogram appears on 
the cover. Nevertheless, it must not 
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“CHAPMAN & HALL 


Just Published 
SYMPOSIUM 
ON 
ELECTRONICS 


IN RESEARCH AND INDUSTRY 
Papers read at the 
First Electronics Symposium 
of the 
Scientific Instrument Manufacturers’ 
Association, 1948. 
Edited by 
A. G. Peacock. 
Introduction by 
SIR EDWARD APPLETON, K.C.B., F.R.S. 
216 pages, 112 figures, 16s. net. 


THE TECHNIQUE 


RADIO "DESIGN 


E. E. “Zeal, 
Ph.D. 
(Second Edition Revised) 
412 pages, 283 ia 25s. 1 net. 


37, ESSEX eiaiade | LONDON, W.C,2, 














THESE ARE IN STOCK— 


ELEMENTS OF SOUND RECORDING, 
by John G. Frayne and H. Wolfe. 5Is. 
Postage Is. 


re toe OF RADIO DESIGN, 
by E. E. Zepler. 25s. Postage 9d. 


CATHODE RAY TUBE TRACES, by 
Hilary Moss. 10s. 6d. Postage 6d. 


RADIO ENGINEERING—Vol. 2, by 
K. Sandeman. 40s. Postage 9d. 


INTERNATIONAL RADIO 
ENCYCLOPAEDIA, edit. B 
42s. Postage 9d. 

RADIO RECEIVER SERVICING AND 
MAINTENANCE, by E. J. G. Lewis. 
8s. 6d. Postage 5d. 


BRIMAR RADIO VALVE AND TELE- 














TUBE 
. B. Babani. 











TUBE MANUAL. 4s. Postage 3d. 
lat Bt pyr hcp! dot TELEVISION 
UNIT FOR NDON AND BIR- 


MINGHAM AREAS. 2s. 6d. Postage 2d 


RADIO VALVE DATA, compiled by 
Wireless World. 3s. 6d. Postage 3d. 


THE RADIO AMATEUR’S HAND- 
BOOK, byA.R.R.L. 15s. 6d. Postage 9d. 


TELEVISION SERVICING MANUAL, 
by E. N. Bradley. 4s. 6d. Postage 3d. 


THE ELECTRONIC MUSICAL INSTRU- 
MENT MANUAL, by A. Douglas. 18s. 
Postage 6d. 

We have the finest selection of British and 
American radio books. Complete list on 
application. 


THE MODERN BOOK COMPANY 


Dept. E 


19-23, Praed rain LONDON, W.2 
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« NEW 


FIELDEN 
TECHNIQUE 


in micro-measurement and 
control 


FOR ANY INDUSTRIAL OR RE- 
SEARCH PROBLEM RESOLVABLE 
INTO MINUTE ELECTRICAL 
CAPACITANCE CHANGE 


ACTUATION BY PROXIMITY of solid 


d, I 


s or i 





or liquid s to an 
electrode terminating a co-axial cable 


The Fielden 
Proximity 
Meter— 
Sensitivity 
0.01 pF—in- 
dicates minute 
capacitance 
changtes, 
whether 
caused by very 
small mech- 
anical dis- 
placement or 
dielectric 
change. It measures, for instance, strains in 
structures, it gauges components to less than 
0.00001 in., monitors sheet, foil and wire 
sizes, measures liquid and other levels precisely, 
monitors dimensions and compositions, com- 
pares dielectric properties of non-conducting 
liquids, etc. It does what is impossible 
mechanically and, in many fields, surpasses 
all other micro-measurement methods. 





The Fielden Tektor-Sensitivity 0.25 pF— 
is a unique, stable, high-speed capacity 
relay which solves many problems of 
counting, temperature control, level 
control of liquids and solids, and so on 
where simple direct-switching is im- 
possible, 


Please send for Specifi cation FE's to the 


SPECIALISTS ININDUSTRIAL 
ELECTRONIC EQUIPMENT 


fisldén. 


(ELECTRONICS) LIMITED 


HOLT TOWN MANCHESTER 


Tel : ARDwick 2619 
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BOOK REVIEWS (continued) 


be considered as a one-sided book; the 
contents are well representative of all 
branches and manufacturers, and the 
fact that E.M.I. have put their imprint 
on it is perhaps a guarantee of the 
quality of the contents. 

One may say that at the start that 
survey is very well carried out. The 
writing is clear and not too tedious to 
to be read by the directors, general 
managers, and production engineers to 
whom the book is addressed. The 
chapters are headed: Time Delay and 
Timing Circuits; Counting Equipment; 
Motor Control; Voltage and Current 
Regulation; Electronic Heating; Weld- 
ing Control; Servo Mechanisms; Photo- 
cell Applications; and there’ are 
concluding chapters on electronics in 
medicine and chemistry, not forgetting 
strain gauges, moisture indicators and 
ultrasonics. 

The introductory chapter gives an 
excellent picture of the relations be- 
tween the electronic engineer and the 
factory engineer, and points out the 
necessity of the works electrician 
having some knowledge of electronic 
devices in order to save time and 
expense in calling in the expert for 
comparatively trivial faults. In the 
main text, no attempt is made to 
make the examples exhaustive—such 
a task would belong to an encyclo- 
paedia of electronic applications—but 
the descriptions of typical installations 
are sufficiently thorough to suggest 
other applications to specific problems. 
And, of course, there is an experienced 
consultation service available to those 
who have such problems (vide p. 189). 

A good book, which should enhance 
the repu‘ation of E.M.I. Institutes and 
its able Professor. 

G. Parr 


Discharge Lamps for Photo- 
graphy and Projection 


by H. K. Bourne, M.Sc., M.I.E.E., F.R.P.S. 
Chapman & Hall, 36s. 


T HE steadily growing application of 
discharge laane to photography, 
projection and lighting in general has 
created a demand for a book which 
describes the lamps and gives perfor- 
mance data for various conditions of 
operation. Mr. Bourne’s book not only 
fulfils this demand and discusses a 
number of specific applications but also 
ives a clear account of discharge lamn 
Torcleaniant and design, so that the 
reader can assess the suitability of 
these sources for various purposes. 
The subject matler is systematically 
presented and the numbering of the 
paragraphs on the decimal system 


makes for easy reference. Chapters 1 
to 4 give the lighting requirements for 
photography and projec‘ion and the 
behaviour of tungsten filament lamps 


and carbon arcs for these purposes. 

Chapters 5 to 11 are devoted to 
mercury vapour discharge lamps. It is 
always difficult to decide how much 
of the theoretical and fundamental 
background should be discussed, but 
Mr. Bourne includes just sufficient of 
the physics of the discharge to explain 
the important characteristics in simpie 
terms. For those who wish to cm 
deeper into the theory there is an 
excellent bibliography at the end of 
each chapter. 

There are one or two minor criticisms 
of the theoretical matter: in para- 
graph 5.8 page 67, a little more explana- 
tion is needed to correct the impression 
that luminous efficency is directly 
related to the values of excitation 
potentials at which visible light is 
emitted. 

In paragraph 10.83 page 196 the size 
of the anode relative to the cathode 
in a D.c. lamp is attributed to a higher 
voltage drop at the anode: surely the 
explanation lies in the fact that the 
current is carried mainly by electrons 
which must dissipate energy when they 
arrive at the anode. However, these 
are small details in an otherwise excel- 
lent account. 

Mr. Bourne’s long experience in the 
field of high pressure mercury vapour 
lamps has enabled him to treat this 
section of the book with particular 
thoroughness. This is fortunate, as so 
little of this work has been published 
in book form in the English language. 
Moreover, the small size, Ligh intensity 
sources which the mercury arc can 
provide are of special interest for 
photography. 

In Chapter 12 flash discharge lamps 
are described and compared with photo 
flash bulbs. Repeated flash or strobo- 
scopic lamps are also discussed with 
reference to a number of commercially 
available equipments. 

Among the applications of discharge 
lamps in Chapter 18 perhaps the most 
important is film studio lighting. The 
compact source lamp is already in use 
in the studios in considerable numbers. 
The lamps and equipment are basically 
as described, and changes since this 
book was prepared are mainly towards 
simplification of the equipment and 
the development of larger units. 

In addition to clear diagrams and 
illustrations on almost every page, the 
book contains useful appendices  in- 
cluding definitions of terms used in 
photography and illumination and a 
ama of photographic and optical 

ata. 

In short, Mr. Bourne’s book is 
thoroughly recommended not only to 
the photographic or projection expert 
but also to lighting engineers in 


general. 
G. G. Isaacs 
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Television Servicing Certificate 
Examination 


The Radio Trades Examination 
Board and the City and Guilds of 
London Institute announce that the 
first Television Servicing Certificate 
Examination will be held on May 2 
and 4, 1950, and the practical examina- 
tion on a date to be announced later. 
In this instance London will be the 
only centre and it may, therefore, be 
necessary to restrict the number of 
entries. Admission to the examination 
is limited to candidates who have passed 
one of the following examinations :— 


(i) The Radio Servicing Certificate 
Examination held jointly by the 
City and Guilds of London Insti- 
tute and the Radio Trades 
Examination Board, 


(ii) the examination in Radio Ser- 
vicing held by the Radio Trades 
Examination Board from 1944 to 
1946, 


(iii) the examination in Radio Ser- 
vice Work of the City and Guilds 
of London Institute held from 
1938 to 1947, 


(iv) the ‘‘ third year’’ examination 
in Radio Service Work of the 
Union of Lancashire and Cheshire 
Institutes, 


the examination in Radio Ser- 
vicing held prior to 1944 by the 
British Institution of Radio 
Engineers, 


(v 


~~ 


(vi) the examination in Radio Ser- 
vicing held prior to 1944 by the 
Scottish Radio Retailers’ Asso- 
ciation. 


The closing date for the examination 

is Thursday, 15 December, 1949. 
Regulations and entry forms are 
obtainable on application to the 
Secretary of the Board, 9 Bedford 
Square, London, W.C.1. 


Large Screen Home Television 


Philip’s Electrical, Ltd., yecently 
demonstrated an adaptation of their 
projection unit for domestic televis‘on 
receivers (described in ELECTRONIC 
ENGINEFRING, 21, 259, 1949) to give a 
four by three feet image on a home- 
ciné type of screen. The only modifi- 
cations required to give this size of 
picture is a change of Schmidt cor- 
rector lens and an increase of projec- 
tory distance to nine feet. 


Tube life is estimated to be normal 
(i.e., 1,000 hours) and replacements 
will not cost more than 50 per cent of 
direct-viewing tube prices. The com- 
plete projection receiver will probably 
retail at a sim lar price to present 
12-in. tube console models, 


Hectronic Engineering 


NOTES FROM THE INDUSTRY 


The Science Museum Televisor 


The Science Museum have honoured 
us by accepting a working model of 
the Home Built Televisor for exhibition 
in the Electronics Section. The model 
specially built for this purpose by the 
designers, has now been installed, and 
may be seen during the normal 
Museum hours in the Radio and Tele- 
vision Section of the gallery above 
the main entrance, 


Educational Films 


The British Electrical Development 
Association has produced four more 
educational films explaining in_ the 
simplest terms, and with commendably 
clear demonstrations, the theory of 
electrical phenomena, 

‘What is Electricity ’’ describes in 
two parts the electronic composition 
of conductors, and how this facilitates 
the flow of current. 

‘* Electricity and Movement ”’ shows 
how electricity was harnessed to supply 
one of man’s most essential needs, 
rotary motion. 

‘* Putting Free Electrons to Work ”’ 
continues the theory of electron move- 
ment to explain the action of simple 
valves. 

‘* Alternating Current and _ Direct 
Current ’’ outlines the difference 
between the two types of electric mains 
supplies and why D.c. has lost favour 
compared with a.c. 

Twelve of these instructional films 
have now been completed. Each lasts 
about ten minutes and is available on 
both 16 mm, and 35 mm. film on free 
loan to responsible organisations. 
Application should be made to the 
Secretary, British Electrical Develop- 
ment Association, 2 Savoy Hill, Lon- 
don, W.C.2. 





HOME SUBSCRIPTIONS 


To ensure receiving ELEc- 
TRONIC ENGINEERING regularly 
readers are advised to order 
through their newsagent. If any 
difficulty is experienced, please 
write to the Circulation Depart- 
ment at 28 Essex Street, Strand, 
W.C.2. 


DOLLAR SUBSCRIPTIONS 


Attention is drawn to the 
reduction in the rates from $5.50 
to $3.75 for new and renewal 
annual subscriptions to ELec- 
TRONIC ENGINEERING, 

We ask our subscribers in the 
dollar areas to bring this 
opportunity of reading the 
jovrnal of the British electronic 
industry at so small a cost to 
the notice of their friends. 



















B.B.C. Engineering Staff Changes 


The B.B.C. announce that it has 
decided to split the Operations and 
Maintenance Tenseienant of the Engi- 
neering Division into two parts. One 
part, consisting of the Studio, Trans- 
mitter, Recording and Lines Depart- 
ment, will continue to be in the charge 
of Mr. Hotine, Senior Super- 
intendent Engineer. 


Mr. M. J. D. Pulling, M.A., M.I.E.E., 
has been appointed to take charge of 
the other part, the Television Depart- 
ment, with the title of Senior Super- 
intendent Engineer, Television. 


Mr. D. C. Birkinshaw’s post as 
Superintendent Engineer, Television, is 
not affected. 


Timula Cement 


Timula Cement is being used by a 
number of wireless set repairers for 
refixing loose top-cap terminals and 
loose bases of radio valves with satis- 
factory results. 


Timula adheres strongly to metal, 
glass and wood, and self-sets in a 
short time to a porcelain-like hardness. 
It withstands high and intermittent 
heat, without contracting, cracking or 
crumbling. 


Brochure on Apprenticeship 


The English Electric Company has, 
for many years. paid particular atten- 
tion to evolving a good scheme for the 
training of apprentices and students in 
all branches of engineering. Among 
the 35,000 workers employed by the 
“English Electric’? group of com- 
panies, there are some thousands of 
apprentices of all types, and the man- 
agement have thought that, in view of 
the present need which exists to rein- 
force the ranks of trained technical 
personnel, it would be appropriate to 
summarise their activities in this direc- 
tion in a brochure. 


To preserve the high standard of tech- 
nical skill necessary to maintain and 
enhance Britain’s engineering prestige, 
it is felt desirable to do everything 
possible to draw attention to some of 
the facilities offered to young men to 
take up engineering training, and this 
booklet gives them a glance of what is 
happening in the English Electric 
group. 


Salvaging Electrically Twinned Quartz 


In the above article the following 
corrections should be made: 
P. 413. In Fig. 5(c) the diagrams for 
before treatment and after treatment 
should be interchanged. 
P. 414. In Fig. 8 the remainder of the 
caption after 22 Kg-cm should be 
omitted. 
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DECEMBER MEETINGS 


Institution of Electrical Engineers 
Unless otherwise stated, all meetings 

are held at the Institution of Electrical 

Engineers, Savoy Place, London, W.C.2. 

Radio Section 

Date: December 7. Time: 5.30 p.m. 

Lecture: ‘‘ Solar Radio-Frequency 
Radiation.” 

By: J. L. Pawsey, M.Sc., Ph.D. (Read 
by J. S. Hey, M.B.E., M.Sc.) 

Date: December 19. Time: 5.30 p.m, 

Informal Lecture: ‘‘ The Acoustics of 
Studios and Auditoria.”’ 

By: W. Allen. 

Secretary, Institution of Electrical 
Engineers, Savoy Place, W.C.2. __ 

Cambridge Radio Group 

Date: December 13. Time: 6 p.m. 

Held at: Cambridgeshire Technical 
College. 

Address by: R. T. B. Wynn, C.B.E., 
M.A., Chairman of the Radio Section. 

Secretary: G. E, Middleton, M.A., 
University Engineering Laboratory, 
Cambridge. 

South Midland Centre 

Date: December 5. Time: 6 p.m. 

Held at: The Town Hall, Birmingham. 

Lecture : Faraday Lecture on ‘‘Radar.”’ 

By: R. A. Smith, M.A., Ph.D 

Date: December 20. Time: 6 p.m. 

Held at: James Watt Memorial Insti- 
tute, Great Charles Street, Birming- 


: “Electricity in the Service 
Ry 


By: P. Dunsheath, C.B.E., M.A., 
D.Sc. 


Secretary: H. Hooper, British Elec- 
tricity Authority. 53 Wake Green 
Road, Moseley, Birmingham 13. 


North Staffordshire Sub-Section 
Date: December 9. Time: 7 p.m. 


Held at: King Edward Grammar 
School, Stafford. 


Discussion on: “‘ Rectifiers.” 
Opened by: J. E. Boul. 


Secretary: D. Smith, B.Sc.(Eng.), 82 
Beatty Hall, Stone, Staffs. 


The Royal Society 


Date: December 15. 
Lecture: The Wilkins Lecture for 1949. 
“Sea E. N. da C. Andrade, 


The Secretary, The Royal Society, 
Burlington House, London, W.1. 


Inc. Radio Society of Great Britain 


Date: December 16, Time: 6.30 p.m. 
Held at: Institution of Electrical Engi- 

neers, Savoy Place, W.C.2, 
Annual General Meeting. 


General Secretary, New Ruskin 
House, Little Russell Street, W.C.1. 


‘Lecture: ‘ H.T. 


Institute of Physics 
Manchester and District Branch 

Date: December 9. Time: 7 p.m. 

Held at: The New Physics Theatre, 
University of Manchester. 

Lecture by: Professor P. M. S. 
Blackett, F.R.S. 

Secretary: Dr. F. A. Vick, O.B.E., 
F.Inst.P., Physics Department, The 
University, Manchester 13. 

Electronics Group 


Date: December 18. Time: 5.30 p.m. 

Held at: The Institute’s House, 47 
Belgrave Square, S.W.1. 

Lecture: ‘‘ The Nervous System as an 
Electrical Machine.’’ 

By: Dr. W. Grey Walter. 

Secretary: G. W. Warren, F.Inst.P., 
Research Laboratories, The G.E.C., 
Ltd., Wembley, Middz, 


Institute of Navigation 

Date: December 16. Time: 5 p.m. 

Lecture: ‘‘ Radar Charts.’’ 

By: Lt. es P. G. Satow, 
DS.C., 

Executive Caras M. W. Richey, 
The Institute of Navigation, c/o. 
Royal Geographical Society, 1 Ken- 
sington Gore, London, S.W.7. 


British Institution of Radio Engineers 
London Section 
Date: December 15. Time: 6.30 p.m. 


Held at: London School of Hygiene 
= Medicine, Gower Street, 


‘Electronics in Aircraft 
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Lecture : 
es ae 
By: A. om Whitwell. 

The General Secretary, 9 Bedford 
Square, London, W.C.1. 

North-Eastern Section 

Date: December 21. Time: 6 p.m. 

Held at: Neville Hall, Newcastle-upon- 
Tyne. 

Lecture: ‘‘ A Review of the Basis of 
Electronics.”’ 

Secretary: c/o. 26 Denewell Avenue, 
High Heaton, Newcastle-upon-Tyne, 
South Midlands Section 

Date: December 15. Time: 7 p.m. 

Held at: The Technical College, the 
Butts, Coventry. 

. Supply for High 
Power Transmitters.”’ 

By: Mr. Lane. 

Secretary: C.. Stokes, B.Sc., 6 Esterton 
Close, Coventry. 

Scottish Section 

Date: December 1. Time: 6.30 p.m. 

Held at: Electrical Department, 
The University, Glasgow. 

Lecture: ‘‘ Electronics in Industry.”’ 

By: A. A. M. noe 


Secretary : M. Turnbull, 68 


A: A, 
Launderdale deen. Glasgow W.2. 


Television Society 
Constructors’ Group 


Date: December 8. Time: 7 p.m. 

Held at: Cinema Exhibitor’s Associa- 

tion, 164 Shaftesbury Avenue, W.C.2, 

Lec ture : ‘Baird Television Receivers.’ 

By: P. Wigley, B.Sc. (Se sow 
Baird, Ltd.) 


Main Society 


Date: December 30. 

Held at: Cinema Exhibitor’s Associa- 
tion, 164 Shaftesbury Avenue, W.C.2. 

Exhibition and Social. 


Secretary: T. M. Lance, 35 Albemarle 
Road, Beckenham, Kent. 
Bedford Centre 
Date: December 14. Time: 7.30 p.m. 
Held at: Flying Services Club, St. 
Mary’s Street, Bedford. 


Lecture: ‘* Television Aerial Prob- 
lems.”’ 
By: E. M. Lee. 


Date: December 30. Time: 7.30 p.m. 
Held at: Flying Services Club, St. 
Mary’s Street, Bedford. 
Discussion Group 
Secretary: M. Bradbury, 36 Grafton 
Road, Bedford. 
Midland Centre 
Date: December 5. Time: 7 p.m. 
Held at: Lecture Hall (1st Floor), 
The Crown Restaurant, Corporation 
Street, Birmingham, 
Open Meeting. 
Secretary: W. Summer, 31 Beech 
Road, Bournville, Birmingham 30. 


Bristol and South Western Centre 
Date: December 6. 
Held at: The Royal Hotel, Bristol. 
Lecture: ‘‘ Television Aerials and 
Interference Problems.”’ 
By: E. M. Lee. 


Secretary: A. G. Williams, 43 Horse 
Street, Chipping Sodbury, Bristol 


Radar Association 


Date: December 6. Time: 7 p.m. 
Held at: Albert Tavern, Victoria 
Street, London, S.W.1. . 
Monthly Meeting 


Hon. Secretary, Technical Com- 
mittee: J. C. Warren, 57 Gallows 
Hill, Kings Langley, Herts. 


The Institution of Post Office Engineers 


Date: December 6. Time: 5 p.m. 

Held at: Institution of Electrical Engi- 
neers, Savoy Place, 2. 

Lecture: ‘“‘ Some Recent Developments 
in Telegraph Apparatus.”’ 

By:  R. :O. Carter, M.Sc., D.I.C., 
A.C.G.I., A.M.I.E.E.. and L. K. 
Wheeler, B.Sc., A.M.I.E.E. 

Secretary: W. H. Fox, A.M.I.E.E., 
Engineer-in-Chief’s Office, (T.P 
Branch), Alder House, London, E.C.1 











Se ae a Te ee ae Pe eee 


~ me 





yn 


n. 
) 


mn 


ia 


ae 
US 





December, 1949 


D.C. Oscilloscope 
1684 D/2 





AN EXAMPLE from the Furzehill range of fine 
instruments is this high-grade oscilloscope for industrial 
radio and television applications. Both axes have 
identical d.c. coupled high sensitivity amplifiers with 
symmetrical inputs and a level frequency characteristic from 
Zero to 3 Mc/s. Particularly valuable features are the 
instantaneous action of the shift controls, expansion of the 
time-base scan from 4 to’5 screen diameters, negligible 
phase shift in the amplifiers and automatic amplitude- 
limited synchronisation. 


For full details of this, and other instruments in the Furzehill 
range, write for our new illustrated catalogue. 





FURZEHWILL LABORATORIES £7. 2's 
BOREHAM WOOD, HERTS. ELStree 1137 
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BLIND ALLEYS 
ON THE EBB TIDE... 


The sting in the salt air is 
likely to be intensified by 
the language of harbour masters 
should a vessel approach any 
anchorage as casually as the 
holiday-maker in his dinghy. 


Hazards of ‘getting in' safely 
have been reduced considerably 
by the electronic development 
of the "blind approach' to 
harbour or aerodromes in 

foul weather. 


To the manufacturer of electronic 
and electrical equipment fogged 
or grounded by transformer 
trouble - Parmeko extend the 
guiding hand of the specialist 
to ensure successful landing. 





of Leicester (Tel. 32287) 


Makers of Transformers for the Electronic and Electrical Industries 


@ 
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Of Interest 
TO ALL ELECTRICAL AND 
WIRELESS ENGINEERS 





THIS BOOK dealing with the magnetic 
properties of the nickel-iron alloys 
will be sent free on request. 

It contains information on: 


1. NON-MAGNETIC AND WEAKLY-MAGNETIC ALLOYS 


Non - magnetic ferrous engineering materials — 
Temperature compensation alloys. 





2. HIGH PERMEABILITY NICKEL-IRON ALLOYS 

General and historical—Early uses : cable loading 
— Further development: transformers, screens, 
dust-cores, etc., radar, specialized alloys. 





3. MAGNETOSTRICTION 
General— Echo sounding — Frequency control. 





4. PERMANENT MAGNETS 
Development: Alni, Alnico, Alcomax—Properties 
—Sintered magnets—Applications—Ductile alloys. 





Application should be made to: 





-/| THE MOND NICKEL 
A COMPANY LIMITED 








/ Sunderland House, Curzon Street, 











London, W.1 12/QA/3 











foe TELCON CABLES are 
scientifically designed. EVERY 
COIL is TESTED to ensure that the Imped- 
ance and Attenuation characteristics are 
uniformly maintained within close limits. 
This background of technical knowledge and 
care in manufacture is a guarantee that 
Aerial Installations using TELCON TELEVISION 
CABLES are a source of maximum signal and 
satisfaction. There is a TELCON CABLE 
‘designed for every Receiver and for all 
reception areas—PT1M Co-axial for high 
signal strength and AS 60M Co-axial for 
‘fringe’ areas are two examples. 


The TELEGRAPH CONSTRUCTION & MAINTENANCE Co. Ltd 


Founded 1864 
Head Office: 22 OLD BROAD ST., LONDON, E.C.2 
Telephone : LONdon Wall 314! 


Enquiries to: TELCON WORKS, GREEN WICH, S.E.10 
Telephone : GREenwich 329! 
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LABORATORY 
INSTRUMENTS 
¢ 





The practical exploitation of piezo-electric 
phenomena in relation to all forms of 
acoustic, ultrasonic and vibration prob- 
lems has long been the special care of the 
acos research section. Today acos have 
made available a series of laboratory 
instruments, including WIDE RANGE 
MICROPHONES, VIBRATION PICK- 
UPS, WATCH-RATE RECORDER 
MICROPHONES, PRESSURE STAND- 
ARDS and ARTIFICIAL EARS. _ This 
announcement, one of a series, briefly 
describes the acos 


ARTIFICIAL EARS 


The acos Artificial Ear, S.I.3, has been 
designed to meet the requirements laid down 
by the Medical Research Council in their 
Report No. 261, Hearing Aids and Audio- 
meters. The cavity is 3 ccs, with an acoustic 
resistance of 100 ohms in parallel. This resist- 
ance is obtained by connecting two semi- 
infinite tubes of suitable cross-section and 
terminated with an acoustic damping network. 
An adaptor is arranged to reduce the volume of 
the cavity to 13 ccs, and at the same time to 
remove one of the resistance tubes from the 
circuit. The microphone response is main- 
tained to well beyond 15 Kc/s. 





Full technical data of the Artificial Ear or any 
other of the acos instruments will gladly be sent 
on request. 

COSMOCORD LIMITED 
ENFIELD. MIDDLESEX PHONE : ENFIELD 4022 



























NILO K for use in seals 
in medium-hard boro-sili- 
cate glasses. 


NILO 48 for thermostats 
Operating up to 450°C. and 
seals in certain soft glasses. 

























ALLOYS 
FOR 
CONTROLLED 
EXPANSION 









NIL O 42 for oven thermo- 
stats, lead-in wires for lamps 
and valves. 

















NILO 36 for clock pendu- 
lums, precision gauges, 
surveyors’ tapes, etc. 









The Nilo alloys are nickel-iron and nickel-cobalt-iron alloys 
with small controlled coefficients of thermal expansion. 
Nilo 36 has a coefficient of expansion approaching zero at 
atmospheric temperatures. 
Nilo 42 has a slightly higher expansion, but it holds this 
figure at higher temperatures than Nilo 36. 
Nilo 48: has a coefficient of thermal expansion similar to that 
of certain soft glasses, and may be used at temperatures up 
to about 450°C. 
Nilo K has a coefficient of thermal expansion similar to that 
of medium-hard boro-silicate glasses. These glasses, having 
good thermal shock resistance, are widely used in the con- 
struction of electronic equipment. 

*Nilo is a registered trade mark 

















For further particulars, write to... 


HENRY WIGGIN & CO. LTD 
WIGGIN STREET, BIRMINGHAM, 16 


36/HAI2 
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TYPE 7OSA 
A comprehensive equipment for measuring 


the component trequencies and amplitudes 
of electrical waveforms. Covers the fre- 
quency range 50-16,000 c/s. and voltage range 
I mV to 500 V. Special feature: Selectivity 
continuously variable. 


Data forwarded on request :— 


INSTRUMENTS LTD 


130 UXBRIDGE ROAD, HANWELL, LONDON, W.7. 


@ Visit the ELECTRONICS CENTRE, 


our new Londor Showrooms, at 


December, 1949 


EALing 6215 


83, Piccadilly, W.1. MAYfair 4613 





THESE ARE THE 
SPECIFIED TYPES 


For the TELEVISOR 
R.135A. 
C.268 

For the RECEIVER 
RIIOB ¢232B f 

OP.7488 


C.247 
HV.357 


SOMERFORD. 


‘We are proud to announce that the designers of these two. 


famous receivers used ‘‘Somerford ’’ Transformers and 

Chokes in their Prototype models. : 
Chosen for their accuracy and reliability ‘‘ Somerford ”’ 

components contribute in no small measure to the success 

of these outstanding designs. 

The constructor can be assured of obtaining the very high 

standard of reliability of which these sets are capable only 

by using the specified components—‘“ Somerford ”’ is your 

safeguard. 

Full details and specifications may be had upon request. 


ARDNERS RADIO?, 


CHRISTCHURCH . HANTS 
Telephone: CHRISTCHURCH i025 
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Which switch 


fits the 


niche 7 


TYPE 8.1. 


By the time that has rolled round your tongue half a dozen times the Type 


« 


B.T. Switch could be fitted! It’s that sort of switch—small, compact, designed 
specially to fit easily into small spaces. It'll save you a lot of trouble. We have 


recently included some new features. Here they are — 


© The contact blades are fixed in a new way. 
This makes them completely rigid all the time. 


The drive spindle is positioned definitely in 


WALTER SWITCHES MADE FOR LIFE the wafer. This provides double bearing. 


Steady contact resistance. 


& Improved insulation between contacts. 
W A l | e r Positive contact. 
| Ht § [ i iT mM ve it | § Self-cleaning action. 


ED All these make the Type B.T. a better switch 
LIMITED —more efficient and lasting. In fact just the 
switch you need for limited space and 

simple switching. 


WALTER INSTRUMENTS LIMITEC, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3 
C.R.C.47 
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INTERNATIONALLY 

PREFERRED 

BY LEADING TELEVISION 

MANUFACTURERS a 
ee. 





For televisicn : cing and use in the home, we particularly recom- 
mend ERSIN MULTICORE SOLDER 60 40 alloy, 18S.W.G., available in 
Size | Cartons, Ref. C.16018, containing 60 ft. of solder—S - each retail. 


MELLIER HOUSE, ALBEMARLE 
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UNBREAKABLE 
RUBBER MOULDED 
PLUG 


MOULDED PLASTIC 
SOCKET 


BERYLLIUM 
COPPER CONTACTS 


INTON 


& COMPANY LID 
KINGSTHORPE + NORTHAMPTON 





PERFECT CONTACT* 


To ensure perfect contact at all temperatures 
and to prevent undue wear of the windings BERCO 
sliding rheostats and potentiometers are fitted with 
a spring-loaded copper graphite self-lubricating 
brush operating on the flat surface of a hexagonal 
solid drawn steel tube. 

Open, protected or ganged types are avail- 
able in a wide variety of sizes. Graded windings 


can be supplied for special applications, 








* The spring-loaded copper graphite brush is held 
accurately in alignment in a diecast holder, providing a per- 
manently lubricated contact at high temperature. The pigtail 
connection ensures current is not carried by the springs. 





SLIDING RESISTANCES 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
QUEENSWAY, PONDERS END, MIDDLESEX. Phone: Howard 1492. Grams: Vitrohm Enfield. 


BR, 6013 - THX I 
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Guality ELECTRONIC COMPONENTS 


ILLUSTRATED CATALOGUE 
1/- POST FREE 


| Pak Delay Fuses have unique surge-handling 
capacity. They withstand 75-100 per cent 
overload for approximately 120 seconds, and 
blow instantly at 200 per cent or more. Avail- 
able in ranges, for carrying 250mA-2.0A. 
LIST NOS. PAK 1-6 




































i J This new version of a famous model shows 
some of the varieties obtainable on all Bulgin 
switches. This 1-pole M.-B., for 6-250V, 
3A max., circuits has moulded ball dolly and 
front ring—obtainable in colours. 

LIST NO. S.478 


3 Popular lever-action heavy duty 2-pole M.-B. 
Switch, moulded structure. For above circuits, 
at 12-6A max. respectively. LIST NO. S.377 


4 This new and useful model is heavily shrouded 
in flexible tough rubber ; leads flexible, with 
ferruled tips. Suitable for testing 200-250V. 
supplies ; indicating polarity and leakage, etc. 
Removable lamp; _ replacements available. 

LIST NO. T.P.9 


5 C.R.T. Plug; 12 pins and spigot, and lam. 
board socket to mate. The plug is moul ied in 
polished black plastic, and takes up to 3A per 
pole. The socket has silver-plated contacts 

6 and integral solder-tags. LIST NOS. P.245 
and V.H.8o0 respectively. 


A. F. BULGIN € CO. LTD. 


BYE-PASS ROAD, BARKING 
Telephone: RIPpleway 3474 (Sines) 
































Ses 


UNITED INSULATOR COMPANY LTD 
Cables: Calanel, Surbiton Telephone: Elmbridge 5241 
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BA IN GAMMA RADIATION 


DETECTOR 


(TYPE PP) 


A light-weight tropicalised dry-battery-opera- 
ted Geiger-Miiller detector with both audible 
and visible indication; the latter on an 
instrument dial. It is useful for prospecting 
for any radio-active minerals and also for 


finding lost radium containers, etc. 





May be used in the hand or slung in the haversack 
BATTERY LIFE APPROXIMATELY SIX MONTHS 


BALDWIN INSTRUMENT CO., LTD., DARTFORD, KENT. 


Agents for Lancashire, Cheshire and Derbyshire : 


F. C. ROBINSON & PARTNERS, LTD., 308, DEANSGATE, MANCHESTER, 3. 











QUALITY COMPONENTS SPECIFIED FOR 
WODEN “ ELECTRONIC ENGINEERING ” 
HOME BUILT TELEVISOR 


E.H.T. TRANSFORMER, POTTED TYPE 4 
4 KV. 5mA. 0-2-4V 1.5A. oat eee eee ove Price 65 0 
5 KV. 5mA. 0-2-4V 1.5A. ens ees Price 72 6 


MAINS TRANSFORMER, POTTED TYPE 
350V-0-350V 250mA. 6.V 6A. 4V 8A. 4V 3A. 0-2-6.3V 2A. Price 98 
SMOOTHING CHOKES 

5 Hy 250mA. ... aay ose ose eee ose Price 29 
10 Hy 80mA. _... ove ove on eve eve Price 17 





. We also manufacture transformers from IOVA to I00KVA for 
all types of Electronic Equipment. We are pleased to co-operate 
on any special designs required, and we already supply many 
prominent manufacturers. 


The Transformer shown is typical of our larger types. Rated at 
6,000V 30KVA, it is designed for R.F. Heating Equipment. 





Send for latest Catalogue to: 


WODEN TRANSFORMER €O L™ 


MOXLEY ROAD - BILSTON < STAFFS TEL: BILSTON 41959 
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WEBES 


Christmas 


suggestion 


If you’re doing the giving, any of your 
radio-minded friends will prefer a Webb’s 
Globe of the World to anything else. If you 


expect to be on the receiving end 


why not drop a hint in the right quarter that 
Webb’s Radio Globe at 50/- (47/6 to callers) 


Electronic Enaineering 


this Xmas, 


will be much more acceptable than the usual 


selection of socks and ties ? 


COMMUNICATIONS RECEIVERS 


bulk of production, but WEBB’S 
usually have a demonstration model 
and orders are being booked for 
rotational delivery. Also we often 
have interesting second-hand bar- 


We advise our friends that our stocks 
of Eddystone ‘640’ receivers are 
now sold. The new Eddystone 
* 750,’ Pome £45, will be available 
soon, tails free on request. As 
regards the Eddystone ‘ 680,’ price 
£85, ¢ the outstanding performance 
of this specialised receiver has 
resulted in Export orders taking the 


gains in receivers of U. 
British _origin—inquiries 





-A. an 
invited, 


though Webb’s offers do not remain 


long unsold ! 





'h) Briggs. 


‘i ‘ LOUDSPEAKERS ” 


88 pages, 36 illustrations (3rd edition 
now ready), 
book that tells you the How and WHY 
of good reproduction. 


SOUND REPRODUCTION ” 


144 pages, 120 illustrations. Fine art 
paper, boun i 
practical results of many careful and 
precise experiments: on L.S. cabinets, 
also chapters on various aspects of 
sound-reproduction. 
recordings, needles and record wear, 
tracking, surface noise, microgroove 
recording, etc. 7/6 (or 8/- post free). 


reproduction 
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WEBBS Radio 


_ TWO INFORMATIVE BOOKS 


by an expert on Loudspeakers and 





in general—G. 


- (or 5/3 post free). The 


full rexine. Gives the 


Part 2 deals with 





new ‘Leak’ 





MOVING COIL PICK-UP 
Call and hear this outstanding addition to our 
large range of disk reproducing apparatus. 
with ruby stylus and transformer, £14 


my oe 


Price 








Webb’s Radio, 14, Soho St., Oxford St., London, W.! 


Phone: GERrard 2089. Shop Hours 9 a.m.—5.30 p.m. Sats. 9 a.m.—I p.m. 








SU 


3 


T.C.C, (Post Free) 
2pF, 10pF, 15pF, 47pF. 500 V. D.C. wkg. 
0.00iuF 500V. D.C. wkg. Metalmite 
0.002uF 350V. D.C. wks. “ 
0.005uF 350V. D.C. wkg. . 
O.0luF 350V.D.C.wke. ~ ,, 
0.02uF 350V. D.C. wke. 
0.05uF 350V. D.C. wkg. 
0.1uF 350V. D.C. wkg. 
500pF 350V. D.C. wkg. Micadisc 
luF 350V. D.C. wkg. Picopack 
2uF 350V. D.C. wkg. os 
20uF 12V. D.C. wkg. 
0.00iuF 6KV. D.C. wkg. Visconal 
0.0luF 5KV. D.C. wkg. e 
0.1F 2KV. D.C. wkg. “ 
Ol.uF 7KV. D.C. wkg. ee 


CHOKES (Post Free) 








1OHy 75mA 150o0hms Size 2)” 


ALEC aves 


PPLIES {2 


Ceramic disc type . 
CP30S 
CP30S 
CP31N 
CP32N 
CP33N 
CP35N 
CP37N 
CM30 
CE30N 
CE30G 
CE30B 
CP55Q9 
CP56Q0 
CP56X 
CP58Q0 


13” 18” high : 
2”x 2” high (ELE. spec.) 


‘10Hy 80mA 250 ohms ar 
10Hy 100mA 300 ohms »  2k”x 23” x34” high—shrouded ... 
}OHy 150mA 200 ohms »  2°x 34°" 34" high—shrouded ... 


ALL “ E.E.”" TECHNICAL BOOKS IN STOCK 


18, TOTTENHAM COURT ROAD, LONDON, W.|! 


Tel. MUSeum 2453. Shop Hours: Mon. to Fri. 9—5.30. Sats. 9—I. 


1/3 
1/9 
1/9 
1/8 
1/8 
1/9 
2/- 
2/3 
1/6 
2/6 
26 
2/6 
4/6 
7/6 
7/6 
15/- 


4/9 
12/6 
9/- 
10/6 


ISHy 150mA 160 ohms » 3’ x 24” 34” high—shrouded ... 19/6 
20Hy 120mA 400 ohms » 3” 24” 34” high—shrouded ... 19/6 
30Hy 40mA 750 ohms » 28” 2)” 34” high—open 12/6 
50Hy 20mA _— 1500 ohms » 28” 14” 2” high—open 5/6 
TRANSFORMERS (Post, 9d. extra) 
4.0 volt 2 amp., centre tapped Pri 200/230V. 50 c/s. 8/6 
4.0 volt 2 amp., not centre tapped ,, 200/230V. 5 c/s. Be a | ee 
6.3 volt 6 amp., centre tapped », 200/250V. 50 c/s.—shrouded 16/- 
6.3 volt Ih amp. not centre tapped 200/230 V. 50 ¢ 's.— open » 7 6 
5.0 volt 3 amp., not centre tapped ,, 200/230V. 50 c/s.—open 10/6 
12 volt. | amp., not centre tapped’ , 200/230V. 50 c/s.—open 10/6 
250-0-250V. 80mA ; 6.3V. tapped 4V. 4A ; 5V. tapped 4V. 2A. 
Pir e 250V. 50 c/s. % 20/- 
300-0-300V. 60mA ; 6.3V. 2A; 5V. 2. 
Pri S00 250V. 50 c/s. 19/6 
1750V. 4mA ; 4V. 2A C.T. ; 4V. 2A C.T. ; (for eee 
Pri 230V. 50c re 35/~ 
Heater Auto Transformer 0-4V. 3A-5V. 2A 6/- 
ma ee 0-4V. 3A-6.3V. 2A ... 6/- 
VALVES (Post 6d. extra). All prices include Purchase Tax. 
Mullard EA50... .. 12/10 * Mazda Pen45 12/10 
. EB9!... ... 12/10 Pen46 18/3 
EBC33 sos SOT T4I 12/10 
BUS2. ... a a UU8 18/3 
EFS? ... ws,  aae 4 U22 18/3 
EF50 .,. . “ald 6K25 12/10 
i aes ... 12/10 a 6P28 21/4 
EN3I ... oo Cossor 451U 18/3 
HVR2 or2A ... 24/4 * $130 7/6 
KT61 ... ... 12/10 Csram PX4 16/6 
* a ss Ra .. 12/10 ‘ Ul4 11/- 
os PLS. .... en ee Brimar 384; 14/- 
Tungsram 6X5 10/9 
FULL POSTAL FACILITIES. PLEASE ADD POSTAGE. 
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Supreme 
Communications 
Receiver 








R.50 
COMMUNICATIONS RECEIVER 

This high-grade communications receiver incorporates the most highly Sd 

developed techniques in modern receiver design. Five degrees of ’ be fj as T/ I 

selectivity, including a crystal gate and crystal filter are provided, and 

the sensitivity is such that an input of between 1-5 microvolts gives a \ 

signal/noise ratio of at least 10 dB over the entire frequency range of ° 

13.5 to 26 ke/s and 95 ke/s to 32 Mc/s. Separate power units for A.C. gd 10 

or D.C, operation are available. 


REDIFON LIMITED, BROOMHILL ROAD, WANDSWORTH, S.W. I8 


DESIGNERS & MANUFACTURERS OF RADIO COMMUNICATION & INDUSTRIAL ELECTRONIC EQUIPMENT "Phone: VANdyke 5691 } 
: R.C. 203 























ALL-POWER 
CONSTANT VOLTAGE POWER SUPPLIES 















SPECIAL LABORATORY UNITS 





This forward mounting Rack Unit, illustrated 
with cover removed, provides a constant output 
voltage of 300 D.C. at any current up to 600 mA. 
The output impedance is a fraction of an Ohm, 
and the residual output ripple is less than 2 mV. 










This is only one of the many special Power 
Supply Units we are making to customers’ 
requirements. 








ALL-POWER TRANSFORMERS LTD. 


Instrument Dept., Chertsey Road, Byfleet, Surrey. 
Tel. Byfleet 3224-5. 
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Scophony 
=BaIRD= 
TRANSFORMERS & CHOKES 


designed and manufactured to 
suit your specific needs 


HERMETICALLY 
SEALED TYPES 
—up to | KVA. 





OIL/AIR 
COOLED TYPES 
—up to 50 KVA 


(Single or 3-phas2) 


AUTO-TRANS- 
FORMERS 
—up to 200 VA. 




















SCOPHONY-BAIRD LTD., (Division a +a SOMERSET. 


Send your next enquiry to :— 
Telephone : WELLS 2 

















The active Radiochemist 


The radiochemist who expends time and energy in 
obtaining amplifiers, scalers, ratemeters, radiation 
monitors, ‘Geiger-Miiller tubes and lead castles from 
separate sources is certainly active. He could, however, 
save himself time and trouble by obtaining all nucleoni- 
equipment from the specialist firm of E. K. Cole Led. 
We invite all radiochemists to write for our com- 
prehensive catalogue of laboratory supplies, which 
includes specifications, prices and delivery dates. 





Linear Amplifier type 1008A - Scaler 
Unit type 1009A - Power Unit 
type 1033A - Ratemeter type 1037A 
Vibrating Reed Electrometer type 
1079B - C.R. Oscillograph type 1089B 
Radiation Monitors type III8A, 
1132A and 1043C. 





Generali Purpose G.M. tube - Liquia 
type G.M. tube - Immersion type G.M. 


tube - Gas Analysis G.M. tube - Square 
Lead Casties for End Window G.M. 
tube - Circular Lead Castles - Rabbit 
Lead Castles - Isotope Containers 
interlocking Lead Brick, 


csaecerorteieanmeele 





£. K. COLE LTD., ELECTRONICS DIVISION, § VIGO ST.. W.: 








High Fidelity Sound on Disc 


Recorders for every Purpose 


Particulars from 


Ss. G. BROWN LTD. 


SHAKESPEARE STREET 
WATFORD, HERTS, ENGLAND 


Telephone : Watford 724! 











LAMINATIONS 


FOR 
ALL RADIO AND ELECTRICAL USES. 


IN SILICON, DYNAMO, INTERMEDIATE 
AND TRANSFORMER QUALITIES. 


PERMALLOY, MUMETAL, RADIOMETAL. 
SCREENS FOR ALL ELECTRICAL USES. 


TRANSFORMER SHROUDS FOR 35 AND 
74 LAMS. 


GENERAL PRECISION ENGINEERS. 
SHERARDISING TO THE TRADE. 
ELECTRICAL SOUND & TELEVISION PATENTS LTD. 


12 PEMBROKE STREET, LONDON, N.!. — TERminus 4355 
2/4 MANOR WAY, BOREHAM WOOD, HERTS. — ELStree 2138 




















bat ee 


)} Oo = 
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MODEL 920 





THE 
TAYLOR 
POTENTIOMETER 


This wire-wound linear law potentiometer is available in a 
number of resistance values. 


@ CONSTRUCTION. A moulded body carries the spindle, 
fixing bush, potential brush and connection tags. 

@ RESISTANCE. This is wire wound on a flat strip and 
fitted after winding to the moulded body. 

@ BRUSH. A well-sprung and insulated brush gives good 
contact and smooth action under all working conditions. 

@ RESISTANCE VALUES. Standard values available from 
10 ohms up to 50,000 ohms 

@ WATTAGE. The maximum dissipation over the whole 
resistance is 5 watts continuous. 


@ FIXING. A bush is provided for one-hole fixing on 
panels up to 4 in. thick. 


TAYLOR ELECTRICAL INSTRUMENTS LTD 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND 
Telephone SLOUGH 21381 (4lines) @ Grams & Cables TAYLINS, SLOUGH 
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BUILD YOUR OWN 
E.H.T. UNIT 


5KV, 3KV or 

from 
350-0-350 volt input 
using standard mains 
transformer and 
“Westeht” balanced 
voltage multiplier circuit 

















I-7KV 


The circuit is simple, easily constructed and 
readily extended or adapted to follow develop: 
ments in the receiving equipment. No E.H.T. 
transformer or R.F. oscillator and rectifier are 
needed and the additional burden on the mains 
transformer is less than ImA, 








36 E.H.T. RECTIFIERS 


Full details are given in ‘‘ The All Metal Way,’’ a copy of which may be 
obtained, price 6d., from Dept. E.E.12, 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD., 
82, York Way, King’s Cross, London, N.|I. 





‘SINTREX’ BRAND 


ELECTROLYTIC 
IRON POWDER 


FOR POWDER METALLURGY 








GEORGE COHEN SONS & CO. LTD 


BROADWAY CHAMBERS LONDON, W.6 
Telephone: Riverside 4141 


SPREE OS EL TOE RE ETN LE RTT, 
EE 496/1P15 
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Ihe 


MODEL 25A 0-4, 10, 40, 100, 400, 1,000 Milliseconds 
MODEL 25B 0-40, 100, 400, 1,000, 4,000, 10,000 Milliseconds 


MILLISECOND MEASUREMENT 


CHRONOTRON 


SED as a stop-clock for timing 

in the millisecond region. Con- 
trolled by relay contacts, photo-cell 
or any abrupt voltage change. 


Flectronic 











ELECTRONIC INSTRUMENTS LTD 


{7 PARADISE ROAD: RICHMOND - SURREY 

















VISION in Design... 
ADVANCE Signal Generator 





The Advance Signal Generator Type 
E2 has been designed with an eye to 
future developments in tke Radio 
and Television fields. Its wide range 
of frequencies, from 100 Kce/s to 
100 Mc/s on fundamentels, caters for 
the rising frequency requirements 
of modern radio and communica- 


Send for fully descriptive leaflet. 


ADVANCE COMPONENTS LTD., 
Back Road, Shernhali Street, 


Tel. : LARkswood 4366/7/8 





Type E.2. 





Range: !00JKc/s.—100 Mc/s. 
in 6 bands. 

Frequency: Guaranteed within 
+1%. 


Output: Approx. | volt 
unattenuated and variable from 
1 yV to 100 mV into a 75 ohm 
load through a matched trans- 
mission line. 

Stray Field: Less than 3y,V at 
100 Mc/s. 

tluminated Dial: Total scale 
length, 30 in. 

Power Supply: 110 — 210 — 
230 — 250 voits. 40-100 c/s. 
Dimension: 9} in. high x 
13 in. wide x 8 in. deep. 
Weight: [5 /b. 


tions. It is a fine example of 
*‘ Advance * design and manufacture. 
This generator offers an instrument 
of laboratory Standard at a price 
within the reach of moderate 
purses. The remarkable high 
frequency accuracy of +1% extends 
over the whole range. 


Advante 
VIGNAT GENERATOR 


Walthamstow, London, €E.17 


December, 1949 
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AUSTINUE 


GOES TO SEA 






The Austinlite 
Rotary Switch is 
part of the equip- 
ment of the new 


Bridlington lifeboat. 


Send for folder 

giving fullparticulars 
of this heavy-duty 
30 amp. switch. 


AUSTINLITE LIMITED (A Subsidiary of Chance Brothers Ltd.) 


Dept. A5, Lighthouse Works, Smethwick, 40, Bir 
Telephone : West Bromwich 1051 


A NEW B.P.L. INSTRUMENT 











THE VOLTASCOPE—A combined valve-voltmeter and 
oscilloscope. VALVE-VOLTMETER — Infinite Input 
Resistance for D.C. ranges 0 to 300 volts. A.C. ranges 
0 to 150 volts in 5 ranges. 34-inch scale meter. 
OSCILLOSCOPE—3-inch screen tube provided with 
balanced amplifiers for Y and X plates giving a 5 times 
trace expansion. Maximum sensitivity 150mV/cm. 
Response from D.C. to 100 Ke/s. 


Limited quantity available for early delivery. 


BRITISH PHYSICAL LABORATORIES 
HOUSEBOAT WORKS, RADLETT, HERTS. 











Tel :Radlett 5674-5-6 
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AERIALITE 
COAXIAL CABLES 
are manufactured under strict Laboratory con- 
ditions and to Government Specification where 
= possible. Send for list of the full range of 
— AERIALITE R/F Cables and Feeders. 

—— THE D.P.O. MODEL 50—A new television 
Aerial. The best Aerial on the market at the lowest 
—— price. Available in two types—‘ London ’”’ and 
“* Midlands,”’ and made up for three different styles 
of mounting. Features: Low-Loss Insulator, Water- 
proof Plug Assembly, Accessibility. Easy 
Erection, Strength, Broad Bandwidth, 50/ 
Rigidity. (Prov. Patent 26255/48.) o 


Rerialite LTD. 


——— _ CASTLE WORKS, STALYBRIDGE, CHESHIRE. 


Send for our booklet ‘‘ Bring the World to your Door ”’ 
for details of all AERIALITE Products. 


Wii 


jpidueeees’ 
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When an unusual 
Specification is required 





We can give you the benefit of 20 years 

experience in transformer construction 

and design. Every instrument is built 

to suit your most exacting individual 
specification. 


Send your enquiries for the personal 
attention of our 


Mr. W. Bryan Savage. 


SAVAGE OF @ DEVIZES 


Telephone : Devizes 536 
SAVAGE TRANSFORMERS LTD. NURSTEED ROAD, DEVIZES, WILTS. 








PLAN YOUR 
CAREER 


and other INDUSTRIAL 


ELECTRONIC subjects 
ELEMENTARY & ADVANCED COURSES 








WRITE FOR FREE BOOKLET summarising 
careers available in Electronics and giving particulars 
of Courses offered by E.M.I. Institutes. 


The booklet contains full details of elementary 
and advanced HOME STUDY and DAYTIME 
courses in Radio, Television, Telecommunica- 
tions and Industrial Electronics. 


Courses ideal for those seeking recognised qualifications 
are also available. 


Payment for tuition can be made in easy instalments 
of required. 


Write to Dept. 11 


E.M.I. INSTITUTES 


48, GROVE PARE ROAD, LONDON, W.4. Ciiswick 4417/8 








Associated with 
HM. 
MARCONIPHONE 
COLUMBIA 
eTc 














HIGH VACUUM PUMP 
APPARATUS 


for the production 
of metal coatings 
on glass 





BARR & STROUD Ltd. 


Works: ANNIESLAND, GLASGOW, W.3. 
London Office: 15, VICTORIA ST., S.W. I. 
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LOW LOSS 


CERAMICS 
im 


Success through 


Partridge Hews 


40D 


5 VA to 25 KVA “lt. 


TRANSFORMERS — 


POWER or AUDIO FREQUENCY 


4 WEEKS DELIVERY 


The acknowledged precision of 
Partridge transformers is available 
to you in transformers and chokes 
to your own specification . . . and 
in double quick time. Whatever 
your transformer need, first consult 
Partridge— the specialists. 
* Note: All Partridge components 
are now available, p 
HERMETICALLY SEALED IN OIL 


TN. 
TRANSFORMERS LTD 
ROEBUCK ROAD,  ¢ KINGSTON - BY - PASS 
TOLWORTH 3 SURREY 
Telephone: BB ELMbridge 6737-8 


constant research 


CAN WE HELP YOU? 


Please ask for pamphlets R.T.1 and R.T.2 


PROMPT DELIVERY 


TAYLOR 
TUNNICLIFF 


(REFRACTORIES) LTD. 
Albion Works, Longton. 
Stoke-on-Trent, Stajjs. 
Landon Office: 

125 High:Flolbora, W.C.1 
’Phones : Stoke-on-Trent . $272 

and Holborn (CR 











L.T.P. REWIND SERVICE 





All rewinds are 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,000 volts 
and guaranteed for three months. 
48 hour service. 


Enquiries: 
London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 


Telephone WiLlesden 6486°---—~ 
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QUAL, 
MAINS TRANSFORMERS 
A.F. TRANSFORMERS 
SMOOTHING CHOKES 
THERMAL DELAY SWITCHES 
“SLIDER RESISTANCES 
Made by 































. ay BY mY 










December, 1949 




















Liquid 
Silver 


IMMEDIATE DELIVERY OF GRADES 
FOR METALLIZING 


CERAMICS, MICA, 
GLASS & PLASTICS 











All Enquiries to our NEW ADDRESS— 


42, TOWNGATE STREET, 





POOLE, DORSET 





Telephone No. Poole 1241 








POTENTIOMETERS 








Wire wound and Composition types, 
Single, Ganged, Tandem Units. 


Characteristics: linear, log, semi-log, 
non-inductive, etc. 
Full detai!s from 


RELIANCE 


Manufacturing Co. (Southwark) Ltd. 
Sutherland Rd., Higham Hill, Walthamstow E.17 











Telephone : LARkswood 3245 
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MAKERS OF 


R.F. E.H.T. SUPPLIES 


for 
TELEVISION (2-25 KV) 
DURE RUIEOV fas 5 “ayejecessian £3 15s. od. 
SSB NOU ROY tesa Srocetons £4 15s. od. 
(Trade supplied) 


PORTABLE NON-DESTRUCTIVE 
BREAKDOWN TESTER 
CONTINUOUSLY VARIABLE 2-25 KV. 


LABORATORY MODEL 
HIGH VOLTAGE GENERATOR 
STABILISED 15-25 KV. 


AVAILABLE IN THE NEAR FUTURE 


Stabilised and variable supplies at 
so KV. and higher. 


Specific enquiries ixvited. 


HAZLEHURST DESIGNS 


LIMITED. 
186, BROMPTON ROAD, LONDON, S.W.3 











DRAYTON MOTOR UNITS 


R. Q. G. 
GEARLESS MOTOR UNIT 


A min:ature capacitator induc- 
tion type motor running at 2,700 
r.p.m. Normally supplied with 
built-in fan, condensor mounte | 
onfancover. Motor can be sup- 
plied totally enclosed, condensor 
separately mounted. For contin- 
uous or intermittent running in 
either direction or continuously 
reversed. Torque: 1.75” oz. 
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R. Q. R. 
GEARED MOTOR UNIT 


The R.Q.R. is a compact, selt- 
contained component, consisting 
of the R.Q.G. motor geared to a 
final shaft. Supplied for con- 
tinuous or intermittent running 
in either direction, with or without 
self-switching. An additional 
two-way switch is fitted, actuated 
by the final shaft, for operating 
auxiliary gear. Final shaft speed: 

27m.p.r. to 600 r.p.m. Torque 60” 
Ibs. to 3” Ibs. according to speed. 


Supplied for Voltages 100/120 or 200/250 A.C. 50 cycie: 


R.Q. 8 





Send tor List No. M 302-4 


DRAYTON REGULATOR & INSTRUMENT CO. LTD., 
WEST DRAYTON + MIDDLESEX. We:t Drayton 261! 














RELAYS 


AND 


» a 
P KEY SWITCHES 


LARGE EX-GOVT. STOCKS 
IMMEDIATE DELIVERY 
Types 600-3000 Relays — Siemens High Speed 


Uniselector Switches, Carbon insets, Telephone Components 
Plugs, Jacks, Handsets, Co-Axial Cables 


JACK DAVIS 


Dept. E.E. 
30 PERCY STREET, LONDON, W.I 


Phones : MUSeum 7969, LANgham <82! 































AMBITIOUS ENGINEERS 


HAVE YOU HAD YOUR COPY OF 
“ ENGINEERING OPPORTUNITIES ”? 
Whatever your age or experience—you must read this biohly 
informative guide to the best paid engineering posts. oo wick 
contains particulars of A.MLI.C.E., A.M.L.Mech.E., A. 
A.M.1.M.LL, A.M.Brit.LR.E., and other important ma a 
Examinations, and outlines home-study courses in all branches of 
Civil, Mechanical, i Automobile, Radio and 
Aeronautical Engineering, Government Employment, 
Draughtsmanship, Building and Plastics, Matriculation, etc. 
'e Guarantee 

‘“NO PASS — NO FEE’’ 
If you are earning less than £10 a week cannot afford to miss 
reading “ Engineering Opportunities” It tells you earns 
you want to know to secure your future. Write for this 
guide to well paid posts N NOw— and without ob — 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 


337a, Shakespeare House, 17/18 Stratford Place, B i E T 
London, W.I, 
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BRAY 


ELECTRO-CERAMIC INSULATORS & REFRACTORIES 
GEO. BRAY & ae) LTD 


TELECOMMUNICATION 
RADIO & ELECTRICAL 
TRADES 
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MEASURING 
ELECTROLYTIC 
LEAKAGE 


COMPONENT 
BRIDGE BIO! 


C:5 pfd. to 500 mid. —8 ranges. 
R : Sohms to 500 Mohms—8 ranges. 
L: 0.1 Hy. to 5000 Hys.—4 ranges. 
Leakage Oto !.Sm/a. Q: Oto 30. 
Precision Comparator. 

) Price 26 Guineas. 





Tue generally accepted maximum permissible leakage current 
after forming is given by I (in & amps.) = 0.15 x C x V working. This 
bridge measures leakage direct at voltages of 6, 12, 25, 50, 150, 250, 


350 and 450. 


Capacity can be measured up to 500 microfarads. 
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The New WESTON s7s5 


Multi-Range Test Set 


53 Ranges with Rotary Switch Selection 


This new. and uniquely-comprehensive Test Set has 53 ranges for measuring AC and DC 
current and voltage, resistance and insulation. It is completely self-contained, with internal 
batteries to provide power for the ohms ranges and self-contained power pack for insulation 
measurement at 500 v. Selection is carried out by two 20-position switches. A fully pro- 
tective safety device is fitted and is operative for forward or reverse overload. The 150 
division 6 in. scale is uniformly divided and is fitted with an anti-parallax mirror. The set is 
enclosed in a handsome bakelite case and fully complies with B.S.S. No. 89 covering first 
grade instruments. Full details of the ranges covered and of the complete specification will 
gladly be supplied on request. PRICE £65 


SANGAMO WESTON LIMITED 


ENFIELD +: MIDDX ~: Tel: Enfield 3434 (6 lines) and 1242 (4 lines) 


201 St. Vincent Street, Glasgow, Central 6208 Milburn House, Newcastle-on-Tyne, Newcastle 26867 
22 Booth Street, Manchester, Central 7904 33 Princess Street, Wolverhampton, Wolverhampton 21912 
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Play the Ace of Trumps 


against Ignition Noise 


Reduced Price 
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